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Abstract
A central question in the development of skilled movement is: how a performer
should focus their attention while preparing for the execution of a motor skill?
Considerable evidence has shown that directing attention towards an intended movement
effect (i.e., external focus) results in performance benefits relative to focusing on body
movements (i.e., internal focus). While most of the previous research has emphasized
the effects of internal versus external foci, evidence also suggests that external foci
located at greater distances from the body (distal foci) are more effective than external
foci located in greater proximity to the body (proximal foci) and that proximal external foci
are still more effective than internal foci. However, in the context of the “distance effect”,
the interaction between the performer’s level of expertise and focus distance has yet to
be fully elucidated by the present literature. Three experiments were conducted to
examine how the effectiveness of different types of attentional focus affect motor
performance for novice and expert (skilled) performers. In addition, an investigation into
the quality of movement coordination regarding the optimal external focus of attention
was carried out.
The first study (Chapter 2) utilized a within-participants design to address the
question whether a focus on an image that represents a body part (platform) (external
focus) would be more effective for motor performance than a focus on the body parts
(arm) themselves (internal focus). Results indicated that novice volleyball players
performing a whole-body, dynamic, and continuous aiming task (volleyball pass)
produced higher total scores when focused on the platform rather than their arms. The
second study (Chapter 3) investigated whether the distance of the external focus impacts
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the performance of relatively inexperienced and experienced performers differently.
Using the same motor task as the first study, the results showed that the expert group’s
accuracy scores were higher in the distal relative to proximal focus condition whereas the
novice group’s accuracy scores was greater in the proximal relative to distal focus
condition. Finally, an overhand volleyball serve was used in the third study with a withinparticipants design (Chapter 4). Alongside movement outcome measures (accuracy
scores), biomechanical analysis was used to identify whether the distance of the
attentional focus would alter the structure of movement variability in skilled performers as
measured by upper extremity joint kinematics. The results demonstrated that a distal
external focus relative to a proximal or internal focus enhances movement outcomes by
increasing functional variability.
Overall, data from three experimental studies in this dissertation suggest that the
optimal external focus is a function of both the physical distance from the body as well as
the performer’s level of expertise. That is, when performing complex motor skills, novices
benefit from a proximal external focus while skilled individuals produce more effective
performance with a distal external focus. Underlying these effects is fluid goal-action
coupling due to changes in motor control associated with an external focus. Practitioners
can take advantage of these findings when deciding the wording of instructions to
optimize motor performance.
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Chapter 1
Introduction
An individual’s ability to learn and perform complex motor skills is largely
dependent on the effectiveness of the instructions provided. Skill, according to Guthrie
(1952) is, “the ability to bring about some end result with maximum certainty and minimum
outlay of energy, or of time and energy” (p.136). The development of skilled performance
is characterized by the shift from overt, effortful, and conscious processes to covert,
efficient, and automatic processes (Schneider & Shiffrin, 1977). As skill acquisition
progresses towards these higher levels of control from novice to expert, instructions
interact with the human motor system’s implicit and explicit processes, thus mitigating or
amplifying conscious control (Fitts & Posner 1967; Hikosaka, Nakamura, Sakai, &
Nakahara, 2002; Kal, Prosée, Winters & van der Kamp, 2018; Masters, 1992). One learns
to become more consistent in their performance, fluent in their motor system’s ability to
exploit perturbation, and functional in achieving a task goal with less mental effort.
It is generally assumed that when executing a motor skill, instructions emphasizing
the coordination of one’s own body movements such as the position of the limbs and
regulation of the body’s multiple degrees of freedom is beneficial for novice performers
and detrimental for expert (skilled) performers. However, experimental evidence suggests
that instructions can actually degrade learning and performance, independent of one’s
level of expertise (Beilock, Carr, MacMahon, & Starkes, 2002; Gray, 2004; Wulf &
Weigelt, 1997). In their study, Wulf and Weigelt (1997, Experiment 1) used a ski simulator
apparatus and provided novice participants instructions about when to exert force on the
apparatus platform while performing slalom-type movements. Specifically, they were
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explicitly instructed to exert force on the platform only after it had passed the center of the
ski simulator. Compared to a group that was not given such instruction or presumably the
benefit of information, the group given instructions showed significant decrements
throughout the three days of practice and even more so under conditions of induced
stress where they were told a skiing expert would be watching. Hence, instructions that
increased conscious attention to one’s own movements in certain manners may cause a
disruption in the execution of motor skills. As such, one mediating cognitive factor
associated with optimizing motor skill acquisition is an individual’s attentional focus. While
the influence of attention on motor skills is well documented (Nideffer & Sagal, 1998;
Schneider & Fisk, 1983; Weinberg, Smith, Jackson, & Gould, 1984), it is how attention is
directed that has an important impact on motor skill learning and performance.
The pioneering work of Wulf, Höß, and Prinz (1998) examined how instructions
could be enhanced. Specifically, the difference between body-related instructions and
instructions that directed the learner toward the goal movement. This study provided initial
evidence that an external focus of attention directed to the intended effect of the
movement was more advantageous to performance compared to an internal focus of
attention directed to one’s own body movements, or conditions where no focus of
attention instructions were provided. Participants in this study (Experiment 1) with no prior
experience were asked to perform ski-type slalom movements on a ski-simulator with the
goal of making frequent oscillatory movements of large amplitudes. With respect to the
direction moved (right or left), the internal focus group was instructed to exert force on
their outer foot and the external focus group was instructed to exert force on the outer
wheels that were located under the feet. The control group was given no instructions other
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than the goal of the task. The results showed that the external focus group had greater
movement amplitudes across two days of training and during retention testing on Day 3
when no instructions were provided. This finding created the foundation for future
research that has now amassed evidence in favor of adopting an external focus during
movement execution irrespective of age, expertise level, motor task, and disability (Chua
Jimenez-Diaz, Lewthwaite, Kim, & Wulf, 2021; for reviews, see Wulf, 2013; Lohse, Wulf
& Lewthwaite, 2010; Wulf & Prinz, 2001). The advantage of an external focus is prevalent
for both motor learning and performance.
Described by Schmidt, Lee, Winstein, Wulf, and Zelaznik (2019), motor learning is
“a set of processes associated with practice or experience leading to relatively permanent
changes in the capability for skilled movement” (p. 283). Motor learning is assessed with
a retention test, performed at a period of time after practice trials have ended. Retention
tests utilize the same task but no instructions, reminders, or supplemental information are
provided. To assess the generalizability of learning, transfer tests are used. Here,
individuals perform different tasks or under a change in task conditions with no
instructions, reminders, or supplemental information. Interestingly, benefits of an external
focus have been found for both learning (retention, transfer) and immediate performance.
This effect extends across between-participant and within-participant designs. In a
between-participants study design (i.e., learning studies), each participant practices
under one condition (e.g., control, internal focus, or external focus) and then performs a
delayed retention and/or transfer test. In a within-participant study design, the same
participant performs under all conditions (e.g., control, internal focus, and external focus).
Regardless of which type of experimental design is utilized, performance and learning
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advantages as a result of an external focus are robust (Chua et al., 2021; Wulf, 2007;
Wulf, 2013).
Evidence suggests that an external focus can modulate the speed of the learning
process, the accuracy and quality of the movement, and allows individuals to reach higher
levels of expertise sooner. In line with Guthrie’s (1952) definition of skill, understanding
the role of attentional focus induced by instructions has important implications for the
development of skilled performance. Therefore, an important question to consider is how
the skill level of the performer interacts with the content of these instructions, with the
intension of continuous improvement of motor performance as the learner becomes more
skilled over time.
Internal and External Focus Instructions
Over the past two decades, numerous studies have shown that the learning and
performance of motor skills is enhanced when performers adopt an external focus of
attention. Indicative of higher skill level, an external focus leads to greater movement
accuracy, faster movements, and improved movement production. These are reviewed
in the following section.
Movement Accuracy
Instructions that promote an external focus have shown to improve accuracy
relative to an internal focus or no focus conditions (e.g., Landers, Wulf, Wallmann, &
Guadagnoli, 2005; Wulf & McNevin, 2003; Wulf, Weigelt, Poulter, & McNevin, 2003; Wulf
& Su, 2007). For example, pitch shot accuracy in golf is increased when attention is
directed to the motion of the club (external focus) than the motion of the arms (internal
focus) or a control condition with no focus instructions (Wulf, Lauterbach, & Toole, 1999;
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Wulf & Su, 2007). In several studies using dart throwing tasks, an external focus on the
flight of the dart or target led to increased movement accuracy (decreased absolute error)
compared to an internal focus on the movement of the arm (Lohse, Sherwood, & Healy,
2010; Marchant, Clough, Crawshaw, & Levy, 2009). In a study by Zachry, Wulf, Mercer,
and Bezodis (2005) basketball free throw accuracy was greater when adopting an
external focus directed to the center of the rear of the basketball hoop rather than on
one’s wrist motion. Furthermore, improved outcomes on volleyball serves and soccer
kicks have also been associated with external foci (Wulf, McConnel, Gärtner, & Schwarz,
2002). To further examine the effects of external focus on simple tasks, Lohse (2012)
trained participants to produce an isometric plantarflexion force at 25% and 50% of their
maximum voluntary contraction. The group trained with an external focus was directed to
focus on the force platform whereas the internal focus group was directed to focus on the
soleus muscle located on their posterior leg. Training with an external focus improved the
accuracy of the isometric force production task during training, and during retention and
transfer testing one week later.
Movement Time
Several studies have also measured how fast a movement can be performed as a
function of one’s attentional focus (Freudenheim et al., 2010; Ille Selin, Do, & Thon, 2013;
Porter, Nolan, Ostrowski, & Wulf, 2010; Stoate & Wulf, 2011). For example, Freudenheim
et al. (2010, Experiment 1) examined attentional focus effects on swim time. Intermediate
swimmers were asked to use the front crawl stroke to swim one length in an outdoor
swimming pool (16 m). External focus instructions were directed towards moving the
water back or pushing the water down. Internal focus instructions were directed towards
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moving their limbs (e.g., hands) back or down. Swim times were significantly faster when
participants were instructed with an external focus. In Experiment 2, a control condition
was included where no focus instructions were given. Similar to experiment 1, the results
demonstrated significantly faster swim times in the external focus condition. No significant
difference was found between the internal focus and control conditions. Porter, Nolan,
Ostrowski, and Wulf (2010) asked participants to perform the agility “L” test, where
individuals ran a right-angled course made up of two 5-m sections, for time. Each
instruction emphasized both the running phase and turning phase. An external focus on
the cone and the ground led to faster movement times than an internal focus on the legs
and foot and the control condition where participants were instructed to run through the
course as quickly as they could with maximum effort. When learning to ride a Pedalo for
distance, an external focus group who was told to focus on pushing the platforms forward
relative to pushing their feet forward, were faster in riding down the specified distance
(Totsika & Wulf, 2003).
Adopting an external focus also has shown to result in faster running times during
a 20-m sprint when compared to an internal focus or control condition, with relatively large
effect sizes typically seen in the attentional focus literature. Here, Porter and colleagues
(2015) directed attention internally on sprinting technique (e.g., movement of the leg and
foot) and externally on the result of the sprinting movement (e.g., clawing the floor), or a
control condition instructing participants to run as quickly as possible (Porter, Wu,
Crossley, Knopp, & Campbell, 2015). Further, when comparing novice and expert
sprinters performing sprint starts, an external focus directed to the finish line resulted in
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shorter reaction time and running time than an internal focus directed to the legs and arms
(Ille, Selin, Do, & Thon, 2013).
Force Production
Generating maximum force requires coherent motor unit and muscle fiber
activation. Any superfluous activation produces inefficiency that impedes maximum force
production and results in less than optimal performance. Several studies have
investigated the effect of different attentional focus instructions on maximum force
production (for review, see Marchant, 2011). Wulf and Dufek (2009) measured jump
height using the Vertec jump trainer instrument (Perform Better, Cranston, RI).
Participants were instructed to “concentrate on the tips of their fingers” (internal focus)
and to “concentrate on the rungs of the Vertec” (external focus). An external focus
increased jump height by facilitating greater center-of-mass displacement, increased
jump impulse and greater lower extremity joint moments. In standing long jump
performance, an external focus on jumping as far past the start line as possible led to
greater jump distances (10 cm greater) than an internal focus on extending their knees
as rapidly as possible, indicating greater and more efficient force production (Porter,
Ostrowski, Nolan, & Wu, 2010).
Moreover, using a discus throwing task requiring participants to complete
maximum effort throws, an external focus on the discus led to a significant increase in
throwing distance compared to an internal focus on the hand and wrist (Zarghami, Saemi,
& Fathi, 2012). Halperin, Williams Martin, and Chapman (2016) used an isometric
midthigh pull, a multi-joint maximal force task, on individuals with experience in resistance
training. It was shown that the external focus on “pushing the ground as hard and as fast
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as you possibly can” resulted in a 9% significantly greater peak force relative to an internal
focus directed to “contracting your leg muscles as hard and fast as you possibly can. The
external focus condition also resulted in 3% greater peak force production compared to
control instructions on “going as hard and as fast as you possibly can.” In trained combat
athletes performing punching movements on a punching integrator device, an external
focus on “punching the pad as fast and as forcefully as you possibly can” allowed athletes
to punch faster and with more force than an internal focus on “moving your arm as fast
and as forcefully as you possibly can” (Halperin, Chapman, Martin, & Abiss, 2017). In
experienced weightlifters performing an isokinetic maximum voluntary elbow flexion task,
focusing on the crank bar on the dynamometer (external) significantly increased peak net
joint torque relative to instructions directing focus on the arm and the muscles of the arm
(internal) (Marchant, Greig, & Scott, 2009).
Mechanisms Underlying an External Focus
It is clear that subtle differences in wording prompt motor learning and performance
effects. The Constrained Action Hypothesis posits that an external focus allows the motor
system to adopt automatic and self-organizing properties that promote more reflexive and
unconscious control processes, whereas an internal focus constrains the motor system
and interferes with these control processes (Wulf, McNevin, & Shea, 2001). That is, that
an internal focus causes an individual’s motor system to deconstruct automated control
sequences and prevents the advantage of goal-directed motor synergies. More recently,
Wulf and Lewthwaite (2016) have described an external focus as a contributing factor to
enhancing goal-action coupling (see Figure 1), strengthening the neuronal circuitry
between the performer’s movement goal and desired movement action. To better
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understand why these subtle changes in wording can have a drastic impact on motor
performance and learning, Wulf and Lewthwaite (2010) proposed that an internal focus
acts as a “self-invoking trigger” where self-referential processing is engaged and
ultimately leads to micro-choking episodes resulting in poor motor system function
(McKay, Wulf, Lewthwaite, & Nordin, 2015). In other words, attentional focus instructions
that mention the body perhaps activate self-regulatory processes which increase
conscious control (Carver & Scheier, 1978). In contrast, an external focus is assumed to
reduce self-referential processing by directing attention to the task goal. Initial evidence
was shown in the study by McNevin and colleagues (2003) where an external focus
increased high-frequency movement adjustments, indicating more active degrees of
freedom and faster corrections while maintaining balance (see also Wulf, McNevin, &
Shea, 2001). Likewise, lower values for dimensionless jerk which indicate higher
movement fluency and automaticity in movement control have also been promoted
through an external focus relative to an internal focus (Kal, van der Kap, & Houdijk, 2013;
Hogan & Sternad, 2009).

Figure 1. Schematic of the OPTIMAL theory of motor learning (adapted with permission
from Wulf & Lewthwaite, 2016).
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Further

evidence

from

examining

patterns

of

muscle

activation

by

electromyography (EMG) shows that an external focus results in faster movements,
greater jump heights and more accurate movements with reduced EMG activity relative
an internal focus which results in less than accurate performance (e.g., reduced jump
height) with increased EMG activity (Lohse, Sherwood, & Healy, 2010; Vance, Wulf,
Töllner, McNevin, & Mercer, 2004; Wulf, Dufek, Lozano, & Pettigrew, 2010; Zachry, Wulf,
Mercer, & Bezodis, 2005). Zachry et al. (2005) showed that when performing a basketball
free throw, an external focus on the basket improved free throw accuracy compared to
an internal focus on the wrist. In their study, an external focus lowered EMG activity in
both the biceps and triceps muscles of the shooting arm. An interesting finding was that
an internal focus led to increased muscle activity in muscles that participants were not
told to focus on. This further suggests that an internal focus constrains or “freezes” the
motor systems degrees of freedom and it tends to spread throughout the body (Hossner
& Ehrlenspiel, 2010; Vereijken, van Emmerik, Whiting, & Newell, 1992; Wulf et al., 2001).
Using a force production task, Wulf et al. (2010) compared an internal and external focus
using various muscles (anterior tibialis, biceps femoris, vastus lateralis, rectus femoris,
lateral gastrocnemius) while participants performed a vertical jump-and-reach task. They
found a reduction in EMG activity alongside greater jump heights with an external focus.
This shows that an external focus enhances neuromuscular coordination, producing a
beneficial effect (see also, Wulf & Dufek, 2009).
Upon investigating the underlying neural mechanisms associated with an external
focus, Kuhn and colleagues showed an increase in intracortical inhibition in the primary
motor cortex and an increase in surround inhibition compared to a detrimental internal or
10

self-focus (Kuhn, Keller, Ruffieux, & Taube, 2017; Kuhn, Keller, Laube, & Taube, 2018).
By allowing one to maintain attention to the task goal with an external focus, an increase
in surround inhibition reflects skilled motor behavior (Beck & Hallett, 2011). As a result,
an external focus instantly modulates neural circuitry to reflect more efficient processing.
Creating an External Focus
An external focus directed to the intended movement effect can be created in
several different ways. This includes the motion of an implement (e.g., golf club motion,
discus), a target (e.g., dart board, Vertec rung), and a metaphor or analogy, where an
image is elicited (e.g., producing a “C” when performing a soccer throw-in). In this section,
a brief review is provided for each.
Motion of an Implement
Directing attention to the motion of an implement is well documented. In tasks
requiring participants to remain in balance on a stabilometer, the overall goal is primarily
to keep the platform in the horizontal position. An external focus has been directed to the
platform itself, markers attached to the platform, lines in front of the participant’s feet, as
well as a suprapostural goal (e.g., hold a tube horizontally), with the intended movement
effect to keep them in the horizontal position. In all of these studies, an external focus
resulted in better balance performance and learning compared to an internal focus
directed towards keeping the feet horizonal or at the same height (Jackon & Holmes,
2011; Shea & Wulf, 1999; Wulf, Shea, & Park, 2001; Wulf, McNevin, & Shea, 2001; Wulf
& McNevin, 2003; Wulf, Weigelt, Poulter, & McNevin, 2003, Experiment 1; Wulf et al.,
1998, Experiment 2). Similar findings appear when balancing on an inflated rubber disk.
Wulf, Mercer, McNevin, and Guadagnoli (2004) compared an external focus on
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minimizing the movements of the disk or a suprapostural goal on holding a pole still to an
internal focus on minimizing the movements of the feet or holding their hands still. Results
showed reduced postural sway with either of the external foci.
In swimming, novice swimmers and expert swimmers show faster swim times
when directed to “focus on pushing the water back” (external focus) compared to attention
directed to “focus on pulling your hands back” (internal focus) (Freudenheim et al., 2010;
Stoate & Wulf, 2011). Similar findings have been reported in surfing, where an external
focus on the putting more weight on the nose or tail of the surfboard resulted in better
surfing performance than an internal focus on the front foot or heel, respectively
(Lawrence, Virian, Oliver, & Gottwald, 2019). In golf, instructions on the motion of the club
or the swing of the putter (external focus) has resulted in more accurate putting
performance than instructions directing attention to body movements (internal focus)
(Wulf & Su, 2007; Wulf et al., 1999; Poolton, Maxwell, Masters, & Raab, 2006). For motor
skills involving throwing an object, a focus on the flight of the dart or on the ball during a
volleyball serve have also been shown to be effective (Lohse et al., 2010; Lohse,
Sherwood, & Healy, 2014; McKay & Wulf, 2012; Wulf, McConnel, Gärtner, & Schwarz,
2002).
In form-based sports such as gymnastics, Abdollahipour, Wulf, Psotta, and Nieto
(2015) asked experienced gymnasts to focus on a tape marker attached to their chest
(external focus) compared to their hands in front of their chest (internal focus) while
performing a maximum vertical jump with 180-degree turn. Not only did the external focus
lead to greater jump height, but a significant improvement in movement form was also
present. This study showed that in motor skills where movement form is a primary
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evaluation criterion, an appropriate external focus can be produced by the addition of a
tape marker. More recently, similar results were found by Yamada and Raisbeck (2020)
where tape was used on the participants’ legs performing a modified drop jump. This
external focus showed better landing quality and a significant increase in jump height than
an internal focus on the knees and toes.
Target
An external focus can also be directed to a target. For example, the Vertec has
been utilized as way to measure jump height in which performers’ were tasked to jump
and hit the highest rung possible (Wulf & Dufek, 2009; Wulf, Dufek, Lozano, & Pettigrew,
2010). In standing long-jump studies, an external focus was directed to a cone (Becker,
Fairbrother, & Couvillion, 2020; Coker, 2016; Porter, Anton, & Wu, 2012; Wu, Porter, &
Brown, 2012). Others include a bullseye located on a target and the rim or basket in
basketball (Al-Abood, Bennett, Hernandez, Ashford, & Davids, 2002; Chiviacowsky, Wulf,
& Avila, 2013; Wulf et al., 2002; Zachry, Wulf, Mercer, & Bezodis, 2005).
Images
Using analogies and metaphors that produce an image can also serve the purpose
of generating an external focus (Liao & Masters, 2001; Schücker, Hagemann, Strauss, &
Völker, 2009; Wulf, Lauterbach, & Toole, 1999). For example, directing attention towards
performing a pendulum-like motion with the golf club, hitting the volleyball as if using a
whip, or making movements smooth, have been utilized as external foci, resulting in more
effective performance than directing attention to body movements (Neumann & Brown,
2013; Wulf & Su, 2007; Wulf et al., 2002). Lohse and Sherwood (2011) found that by
thinking about the thighs as lines parallel to the floor with the goal of minimizing any
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movement up and down, time to failure on a wall-sit task improved. In a recent study,
Yamada, Raisbeck, and Porter (2020) showed that directing attention to an imagined
object and externally to an actual object (e.g., cone) yield similar results. Anecdotal
evidence also indicates that images aid professional ballet dancers performing certain
routines (Guss-West & Wulf, 2016). For example, when performing the Pirouette en
dehors or Arabesque, dancers report using images such as, “climbing up a corkscrew” or
“stretching like a star in all directions,” respectively.
While images have previously been used to induce an external focus of attention,
they often times refer to an implement. For example, referring to a golf club motion as a
pendulum (Wulf, Lauterbach, & Toole, 1999). Lohse and Sherwood (2011) provided initial
evidence that focusing on an image that represents a body part is more efficient than a
focus on body parts themselves. While the results of their study are limited to measures
of muscular efficiency with a static task, it remains unclear if these findings extend to
complex tasks requiring whole-body, dynamic, and continuous coordination.
Distance Effect
It is apparent that there are many ways to create an external focus. They may vary
between different tasks and some may be more effective than others. For example, in
tennis, an external focus can be directed to the motion of the racquet, the ball as it leaves
the racquet, or a location on the court. Thus, the magnitude of the external focus benefit
may be a function of the physical distance from the body. A proximal external focus refers
to a movement effect that is in close proximity to the body (e.g., focusing on a volleyball
when serving). In contrast, a distal external focus refers to a movement effect farther away
from the body in terms of spatial distance (e.g., focusing on a target you are serving
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towards). In a seminal study by McNevin et al. (2003), participants learning to balance on
a stabilometer were asked to focus on their feet (internal focus) and on markers attached
to the balance platform at both a proximal (in front of their feet) and distal location (10 in.),
creating different distances from the body. It was found that an external focus led to a
significant reduction relative to an increase in root-mean-square error (deviation on the
stabilometer from the horizontal) with an internal focus, and that this effect was more
pronounced in the distal condition, indicating better balance performance. Thus, a focus
on more remote effects increased the advantage of an external focus.
The distance effect has been investigated in both novice performers as well as
expert performers (Bell & Hardy, 2009; Duke, Cash, & Allen 2011; Kearney, 2015; Porter,
Anton, & Wu, 2012; Porter, Anton, Wikoff, & Ostrowski, 2013; Wulf, McNevin, Fuchs,
Ritter, & Toole, 2000). In the Porter et al. (2012) study, recreational athletes performing
a standing long jump jumped farther distances with a distal focus on jumping as close to
the cone as possible compared to a proximal focus on jumping as far past the start line
as possible. Recently, children who were considered to be novices in the standing long
jump task, also jumped to greater distances by utilizing a distal focus similar to Porter et
al. (2012) (Marchant, Griffiths, Partridge, Belsley & Porter, 2018). In a dart throwing task,
novice participants asked to focus their attention to the target (distal focus) were more
accurate in their performance as compared to focusing on the flight of the dart (proximal
focus) (McKay & Wulf, 2012). Kearney (2015) studied putting accuracy in golf and found
that a distal focus on the desired outcome (e.g., imaginary line from the ball to the center
of the target, final position of ball) resulted in more accurate golf putts compared to a
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proximal focus on the movement of the club (smooth pendulum-like swing, how far the
club head moves backwards and forwards).
For skilled performers, Banks, Sproul, Higgins, and Wulf (2020) tasked kayakers
to perform a wild water racing sprint of 100 m. A distal focus, “focus on the finish” was
compared to a proximal focus, “focus on the paddle,” and a control condition. The distal
focus resulted in significantly greater racing speed while the proximal focus and control
condition resulted in slower speeds with no significant difference between the two
conditions. Bell and Hardy (2009) compared an internal, proximal, and distal focus on
skilled golfers performing a chip shot. They found an advantage for a distal focus towards
the flight of the ball compared to a proximal focus on the clubhead. Though, in this study,
the proximal focus also led to superior chipping performance compared to an internal
focus on the motion of the arms. Similarly, Porter et al. (2013) as a follow-up to their
previous study (Porter et al., 2012) also found increased jump distances in skilled
collegiate athletes under the distal external focus condition. Here, participants in the
proximal focus condition instructed to jump as far past the start line as possible jumped
to greater distances compared to the internal focus condition.
The distance effect shows that a distal focus is beneficial for both novice and expert
performers. However, evidence also suggests that the optimal distance of the external
focus is a function of level of expertise. In a study with novice golfers (Wulf, McNevin,
Fuchs, Ritter, & Toole, 2000, Experiment 2), one group was asked to focus on the swing
of the club (proximal), whereas another group was instructed to focus on the anticipated
trajectory of the ball and the target (distal). Directing attention to the club motion resulted
in a greater accuracy, not only in practice, but also on a retention test. In contrast, in
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another study (Bell & Hardy, 2009), experienced golfers showed greater accuracy in
hitting a target when they adopted a distal focus on the flight of the ball compared to a
proximal focus on the club head. In general, an external focus may be directed to different
aspects of the motor skill execution. For example, a novice performing a slap shot in
hockey would likely be more accurate concentrating on the motion of the hockey stick
compared to an expert who would likely be more effective concentrating on the hockey
puck’s trajectory or the back of the goal’s net. It has been suggested that for individuals
still acquiring the basic movement pattern, an external focus that resembles movement
technique (proximal focus) is beneficial. In contrast, when the movement is automatized,
adopting a distal external focus which triggers the whole action necessary to achieve the
desired effect is more beneficial (Wulf & Prinz, 2001; Wulf, 2007). However, no previous
studies have directly compared the effectiveness of distal versus proximal foci as a
function of level of expertise.
Movement Kinematics
Changes in movement kinematics as a function of attentional focus instructions
provides critical insight into how the content of the instructional cue impacts whole-body
coordination. Several studies have used kinematic analysis to evaluate the effects of
attentional focus on movement coordination (An, Wulf, & Kim, 2013; Ford, Hodges, Huys,
& Williams, 2009; Lohse, Jones, Healy, & Sherwood, 2014; Lohse et al., 2010; Parr &
Button, 2009; Southard, 2011; Wulf & Dufek, 2009). Using 3-D motion capture, An et al.
(2013) compared an internal focus directing attention to transferring weight to the left foot
and an external focus on pushing against the left side of the ground on the learning of the
‘X-factor stretch’ in golf which is associated with the rotation of the shoulders relative to
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the pelvis. An external focus produced greater maximal angular velocities of the pelvis,
shoulder, and wrist, highlighting the value of an external focus on movement form. Ford
et al. (2009) examined soccer players performing a soccer kick to a target. An internal
focus on body movements led to increased correlations across joints of the kick leg in the
sagittal plane (more constrained movements) compared to an external focus on the ball
trajectory. Lohse et al. (2010) found that in a dart throwing task, an external focus
increased variability of shoulder movement at the moment of release, suggesting that not
only does an external focus improve performance, but a greater variability during
movement execution results in reduced end point variability (Ford et al., 2009).
Specifically, an external focus resulted in greater shoulder angle variability with more
accurate and consistent performance relative to an internal focus. Along these lines,
Fietzer, Winstein, and Kulig (2018) used a hop in place task and compared an internal
focus on “your toe landing in the same place every time” to an external focus on “landing
on the tape target every time.” Similar to Lohse et al. (2010), there was greater joint-level
movement variability which led to more accurate hopping in the external focus condition.
Adopting an external focus of attention seems to facilitate compensatory variability where
the desired goal or effect (leg length control, flight of dart) is achieved whereas an internal
focus causes a reduction in movement variability. This suggests that with an external
focus the same movement outcome can be produced by different combinations of
segmental actions of the body. For example, when serving a volleyball, the same ball
trajectory can result from different coordination patterns based off initial ball toss height
or elbow angle. This consistency in movement outcome with an external focus has been
suggested to be a result of increased functional variability, which is associated with skilled
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performance (Wulf & Prinz, 2001; Wulf, 2013). Further, this suggestion is in line with
Bernstein’s (1967) hypothesis that the goal of the task serves as an invariant property in
the regulation of movement. Wulf and Prinz (2001) suggested that adopting an external
focus facilitates compensatory variability during the movement in an effort to preserve the
movement goal or effect, whereas an internal focus reduces movement variability and
interferes with the movement outcome.
Functional Variability
An increase in skill level is associated with actions being monitored at higher
hierarchical levels (Vallacher, 1993; Vallacher & Wegner, 1987). Action concepts tend to
be more detailed, possessing more features specific to the knowledge of the movement
(Schack, 2004). An individual’s action is more stable, whereby they are able to maintain
a course of action despite a change in conditions. For example, when passing a volleyball
during serve reception, attention directed to a target location for the ball may bring about
greater stability in the movement outcome despite any initial deviations of ball trajectory
and allow for the goal of the action to be maintained. As mentioned by Lohse et al. (2014),
this allows skilled performers to direct their focus down the kinetic chain of events and
reap the benefits of a distal focus, which arguably represents a higher hierarchical
movement goal. In slight contrast, novice performers possess a lower level of control,
benefiting from specific information on the physical movements involved in the action.
Thus, directing attention to a proximal effect, presumably the most optimal hierarchical
movement goal for these individuals, provides the flexibility needed for the motor system
to maintain control towards achieving the intended movement goal.
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A characteristic of skilled motor performance is functional variability, which refers
to the ability of the motor system’s degrees of freedom to automatically compensate to
achieve the action goal or movement effect without relying on conscious adaptations
(Bernstein, 1967; Newell, 1986). Degrees of freedom represent anatomical (e.g., muscles
and joints), kinematic (e.g., trajectories, velocities, accelerations), and neurophysiological
(e.g., motor neurons) elements that coordinate action execution. The degrees of freedom
problem, in its simplest form states that there are multiple ways (i.e., coupling of degrees
of freedom) for individuals to perform a movement in order to achieve the same goal. This
comes from the concept of motor redundancy, initially formulated by Bernstein (1967)
which later was conceptualized as motor abundance or neurobiological degeneracy
(Edelman & Gally, 2001; Latash, 2012) when he observed skilled blacksmiths being able
to consistently hammer a target but utilize different motion paths to do so. Selecting the
right action is a process that balances contributions from all available degrees of freedom
so that the intended outcome is produced (Gelfand & Latash, 1998; Latash, 2012). Thus,
the challenge proposed by Bernstein (1967) was how the numerous degrees of freedom
across different levels of analysis or hierarchy (tonus, synergies, space, and action)
control goal directed skilled movement (Newell & Vaillancourt, 2001). By studying
functional variability, a mechanistic underpinning for identifying control strategies that
impair or enhance motor performance can be established (Kugler, Kelso, & Turvey, 1980;
Turvey, 1990).
One way to quantify functional variability is based on the concept of the
uncontrolled manifold (UCM) (Latash, Scholz, & Schöner, 2002; Latash, 2012; Scholz &
Schöner, 1999). This analysis technique uses the joint space in which all variance is
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measured to interpret their relation to important task variables. The UCM hypothesis
states that the central nervous system uses the motor system’s abundant degrees of
freedom to create a subspace (uncontrolled manifold) of all combinations of elemental
variables or possible movements that allow a certain performance variable or goal to be
consistently achieved (Kang, Shinohara, Zatsiorsky, & Latash, 2004; Scholz & Schöner,
1999). Considering this subspace, variability perpendicular to it is detrimental whereas
variability parallel to it elicits no error. In other words, the central nervous system stabilizes
elemental variables such as joint angles that matter for the stabilization of a specific task
variable (parallel) than those that do not (perpendicular). Therefore trial-to-trial movement
variability should exhibit greater parallel to the uncontrolled manifold than perpendicular
(Scholz, Schöner, & Latash, 2000). Lohse et al. (2014) define variability perpendicular to
the subspace as goal-relevant and variability parallel to the subspace as redundant -- the
former representing elemental variables that affect task outcome and the latter as those
that do not. So as along as the system does not leave the UCM subspace, one does not
need to consciously control the individual elemental variables.
Mechanistically, all possible combinations of joint angles or elemental variables
that affect a certain performance variable are selectively coupled by the central nervous
system to descending motor commands. However, because end effector variance (e.g.,
accuracy score) and joint variance are measured using different metrics like centimeters
and radians, direct comparison is not possible and therefore requires a subspace in which
all variables can be embedded. In a recent study comparing novice and expert runners,
the UCM was used to analyze the structure of movement variability stabilizing the center
of mass (CoM) trajectory while running at different speeds on a treadmill (Mohler et al.,
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2020). Novices showed an increase in both VUCM (parallel) and VORT (perpendicular)
meaning that while there was a higher variability of elemental variables, there was not a
higher degree of stabilization of the CoM trajectory. For experts, a decrease in VORT
indicated that their running coordination was optimized to stabilize the CoM trajectory and
achieve a more consistent locomotion style. However, how the motor system selforganizes in this capacity still remains an open question. It is possible that one’s focus of
attention formulates a control rule and determines the goal for the individual that the motor
system subsequently implements. Because there are more degrees of freedom available
than what is defined by the task goal, a control rule (e.g., optimal projection angle in
standing long jump) allows for the motor system to self-organize and implement the
optimal solution. This can be explained within the framework of optimal control using the
minimal intervention principle (Todorov & Jordan, 2002). This conservation strategy
states that the central nervous system corrects deviations in movement (goal-relevant)
that affect the attainment of the task goal, allowing any variability that is redundant and
not directly affecting the task goal to accumulate.
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Figure 2. Example of compensatory coordination between body parts as referenced by
an optimal control framework (Lohse et al., 2014).
A hypothetical example of this is shown in Figure 2 (Lohse et al., 2014). For
example, if the goal of the task is to produce 10 N of force with two fingers, each finger
may vary in its individual forces (e.g., finger one produces 3 N when finger two produces
7 N) as long as the sum of the forces produced reaches the goal of 10 N (Latash et al.,
2002). This is represented as the action space in each figure that produces the total force
of 10 N. The X and Y axis represent finger 1 and 2 respectively, otherwise known as body
dimensions. In each figure, the positive diagonal corresponds to goal-relevant elements
whereas the negative diagonal corresponds to redundant elements (the difference
between the forces). As seen in Figure 2A, If the force of one finger is perturbed,

23

compensatory variability in line with the minimal intervention principle allows for a
correction to bring the system back into the uncontrolled manifold. Over the course of
several trials, the uncontrolled manifold manifests multiple solutions (e.g., finger one
produces 6N when finger two produces 4N), where elemental variables change in their
individual magnitudes for the particular performance variable. This results in two control
strategies depicted in Figure 2B. One that exhibits decreased goal-relevant variability,
represented by the filled circles, and the other, represented by the open circles, exhibits
an increase in goal-relevant variability. Lohse et al. (2014) identified the filled circles to
represent an external focus where a consistent outcome (reduced goal-relevant
variability) is attributed to an increase in the variability of the bodily dimensions (e.g., force
produced by the two fingers). The open circles represent an internal focus, where
variability amongst bodily dimensions is minimized. This illustrates that one’s focus of
attention determines the control rule that the motor system implements which helps
establish which aspects of the movement are goal-relevant or redundant (Figure 1C)
(Riley & Turvey, 2002).
Müller and Loosch (1999) found that in skilled darts players, a reduction in outcome
variability (hits on dartboard) was a result of increased variability in the movement
parameters, indicating that a smaller release angle was compensated by a higher velocity
of the dart, for example. This suggests that skilled performers are able to vary movement
patterns to produce similar outcomes. The functional role of movement variability is not a
new phenomenon (Davids, Bennett, & Newell, 2006; Davids, Glazier, Araujo, & Bartlett,
2003; Riley & Turvey, 2002). Several studies have also investigated functional variability
as a function of skill level (Arutyunyan, Gurfinkel, & Mirskii, 1968; Barris, Farrow, &
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Davids, 2014; Button, Macleod, Sanders, & Coleman 2003; Chow, Button, Davids, & Koh,
2007; Hamacher & Zech, 2018; Hily & Yeadon, 2016; Temprado, Della-Grasta, Farell, &
Laurent, 1997; Wilson, Simpson, Van Emmerik, & Hamill, 2008). The distribution of
variability is directionally dependent (i.e., anisotropic), and is pronounced in experts more
so than novices. That is, the movement strategies utilized in skilled performers are
indicative of reduced goal-relevant variability (Vereijken, Whiting, & Beek, 1992). For
example, Schorer, Baker, Fath, and Jaitner (2007) found that experts showed different
clusters of throwing patterns compared to novice and intermediate handball players who
were limited in their movement repertoire with only a limited number of stable movement
solutions. Button et al. (2003) had participants across skill levels perform a basketball free
throw shot. Expert basketball players showed an increased amount of variability between
the elbow and wrist joints towards the end of the action, offering insight into joint-space
adaptation as a way to achieve a consistent outcome. Temprado et al. (1997) compared
novice and expert volleyball players performing the volleyball serve. Novice players were
shown to control the relationship between the shoulder and wrist as a single unit and
expert players were shown to dissociate segments (shoulder-elbow, elbow-wrist) through
a phase off-set, indicative of releasing degrees of freedom. Wilson et al. (2008) eloquently
showed that during the stance phase of the hop-step transition of the triple jump, skilled
jumpers compared to their intermediate counterparts displayed higher coordination
variability and thus increased functional variability.
As alluded to above, Lohse et al. (2014) showed that an individual’s focus of
attention serves as the control parameter that regulates the motor system to satisfy task
constraints more effectively. Using a dart throwing task, novices under an external focus
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not only performed more accurately, but also produced greater variability and stronger
compensatory correlations in bodily dimensions (i.e., joint angles) indicating reduced
goal-relevant variability with increased variability along the UCM as compared to an
internal focus which resulted in the opposite. Thus, there seems to be a correlation
between an external focus and increased functional variability.
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Chapter 2
Mind Over Body: Creating an External Focus for Sport Skills

Abstract
In some studies examining the effectiveness of an external versus internal focus of
attention on motor learning or performance, images were used to promote an external
focus of attention. In one recent study examining the efficacy of different external foci
(Singh & Wulf, 2020), an external focus instruction referred to parts of the body (arms).
Specifically, the image of a “platform” was used to describe the area between the wrists
and elbows when passing a volleyball. The present study followed up on that study by
addressing the question whether a focus on an image that represents a body part
(platform) would be more effective than a focus on the body parts (arms) themselves (i.e.,
internal focus). In a within-participant design, novice volleyball players were asked to
continuously pass a volleyball to a target on the wall. Participants completed eight 45-s
trials under each of the external (“focus on your platform”) and internal focus (“focus on
your arms”) conditions, performed in a counterbalanced order. As hypothesized, results
showed that the total score (i.e., sum of scores over 45 s) was significantly higher when
participants focused on the platform rather than their arms. Thus, invoking an image of
an external object that “replaces” a body part can serve to promote an external focus that
results in immediate performance advantages compared with an internal focus on the
same body part. The findings suggest that instructors within a range of applied settings
can creatively use such images to facilitate the performance of motor skills.
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Introduction
An important component in the process of learning or teaching motor skills is the
performer’s focus of attention. Originally defined by Wulf, Höß, and Prinz (1998), an
internal focus of attention refers to a concentration on body movements, whereas an
external focus refers to a concentration on the intended effect of the movement (e.g.,
motion of golf club, spin of a ball, force exerted against an object). In one of the initial
studies comparing the effectiveness of an external versus internal focus, instructions to
focus on keeping markers (external focus) on a balance platform horizontal resulted in
more effective learning than did instructions to focus on keeping the feet (internal focus),
placed behind the markers, horizontal (Wulf et al., 1998, Experiment 2). Since then,
numerous studies have replicated the beneficial effects of adopting an external relative
to an internal focus of attention (for reviews, see Lohse, Wulf, & Lewthwaite, 2012; Wulf,
2007, 2013; Wulf & Lewthwaite, 2010, 2016; Wulf & Prinz, 2001). Across a wide range of
tasks and different performer characteristics (e.g., skill level, age, health status), an
external focus has consistently been found to facilitate both immediate performance and
longer-term learning (Chua, Jimenez-Diaz, Lewthwaite, Kim, & Wulf, 2021).
When performers were given instructions or feedback that promoted an external
focus, findings have shown that movement accuracy increased (e.g., Bell & Hardy, 2009;
Lohse, Jones, Healy, & Sherwood, 2014), balance was more effective (Kim, JimenezDiaz, & Chen, 2017), and movement form was enhanced (e.g., Abdollahipour, Wulf,
Psotta, & Nieto, 2015; An, Wulf, & Kim, 2013). Also, movements are typically performed
more efficiently with an external focus, as evidenced by reduced oxygen consumption for
a given task (e.g., Schücker, Hagemann, Strauß, & Völker, 2009), reduced muscular
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activity (e.g., Lohse, Sherwood, & Healy, 2011; Vance, Wulf, Töllner, McNevin, & Mercer,
2004), greater movement fluidity (e.g., Kal, van der Kamp, & Houdijk, 2013), or greater
sustainability (increased repetitions to failure) of activities such as weight lifting (e.g.,
Marchant, Greig, Bullough, & Hitchen, 2011; Nadzalan, Lee, & Mohamad, 2015).
To explain the differential effects of external versus internal foci on movement
coordination, the constrained action hypothesis (Wulf, McNevin, & Shea, 2001) was
initially proposed. According to this hypothesis, an external focus facilitates performance
by promoting automatic control processes, whereas an internal focus induces a more
conscious type of control, constraining the neuromotor system and disrupting the usage
of fast and reflex-based control mechanisms. More recently, Wulf and Lewthwaite (2016)
described an external focus as a contributor to goal-action coupling, whereby functional
and structural neural connections between the performer’s intended movement goal and
neuromuscular activation are strengthened. An external focus is also assumed to reduce
self-referential processing or activation of a self-invoking trigger associated with an
internal focus (McKay, Wulf, Lewthwaite, & Nordin, 2015; Wulf & Lewthwaite, 2010).
Increased confidence resulting from effective performance with an external focus may
result in additional performance and learning benefits (Wulf & Lewthwaite, 2016).
While there is copious experimental evidence that adopting an external focus leads
to superior performance and learning compared with the use of an internal focus, there is
also evidence that some external foci are more effective than others. Focusing on a
movement effect that is farther away from the body (i.e., distal focus) has been shown to
be more effective than focusing on an effect that is closer to the body (i.e., proximal focus).
McNevin, Shea, and Wulf (2003) first demonstrated that increasing the distance of the
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external focus increased the learning advantage. Concentrating on markers on a balance
platform that were farther away from the feet resulted in more effective balance learning
than did concentrating on markers closer to the feet, or the feet themselves (internal
focus). The so-called distance effect has been replicated in other studies using tasks such
as golf putting (Kearney, 2015), pitching golf balls (Bell & Hardy, 2009), dart throwing
(McKay & Wulf, 2012), jumping (Porter, Anton, & Wu, 2012), and landing (Raisbeck &
Yamada, 2019). However, even though more distal foci have been found to be more
effective than proximal foci, proximal external foci are still more effective than internal foci
(e.g., Abdollahipour et al., 2015; Lawrence, Virian, Oliver, & Gottwald, 2020; Totsika &
Wulf, 2003; Wulf et al., 1998). For example, Abdollahipour et al. (2015) found that
gymnasts produced superior movement form when asked to focus on a tape marker
attached to their chest compared with an internal focus (hands crossing in front of chest).
Another factor that needs to be considered in the context of the “distance” of the
external focus is the performer’s skill level. Wulf and Prinz (2001) first suggested that
experienced performers might benefit from adopting a distal focus, which might facilitate
the production of the movement pattern necessary to achieve the desired outcome;
however, novices who are still trying to learn the basic coordination might benefit more
from a proximal focus, particularly if it is more technique-related than a distal focus (see
also Wulf, 2007). Indirect evidence for this idea has been provided by separate studies
demonstrating that novice participants learning to pitch golf balls benefited from a focus
on the club motion relative to the ball trajectory and target (Wulf, McNevin, Fuchs, Ritter,
& Toole, 2000, Experiment 2), whereas the opposite was the case for advanced golfers
(Bell & Hardy, 2009). A recent study by Singh and Wulf (2020) provided the first direct
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evidence for the notion that the optimal external focus distance might depend on the
performer’s level of expertise. Moreover, these authors chose a task that did not involve
the use of an implement such as a club, racquet, or bat to which attention could be
directed in a proximal focus condition. Rather, an image was used to refer to body
movements. Specifically, in Singh and Wulf’s (2020) study, volleyball players who were
asked to continuously pass a volleyball to a target on the wall were instructed to
concentrate either on their “platform” (proximal external focus) or the bullseye (i.e., target
on the wall that participants were aiming at) (distal external focus). The “platform” was
used to describe the area between both wrists and elbows that the ball hits off of. Their
results showed that the expert group performed more effectively with the bullseye focus
relative to the platform focus. In contrast, the novice demonstrated superior performance
with the platform focus compared with the bullseye focus. Thus, for novice performers,
using an image (platform) that represented parts of the body (arms) resulted in enhanced
performance compared with a more distal focus.
Images have previously been used to induce an external focus of attention. For
instance, Wulf, Lauterbach, and Toole (1999) referred to the golf club motion as a
pendulum (see also Wulf, 2007).1 Yet, Singh and Wulf’s (2020) proximal external focus
instruction did not refer to an implement but rather the body. This is similar to a study by
Lohse and Sherwood (2011) who showed that muscular endurance on a static wall-sit
task was greater when participants focused on an imaginary line (external) as compared
to their thighs (internal). This raises the interesting question whether complex task
performance can be enhanced by a focus on an image that represents a body part
(platform) rather than a focus on the body parts (arms) themselves (i.e., internal focus).
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If this were the case, it would have important implications for practical settings. It would
allow instructors to use such images when teaching novices new movement patterns
without referring to the body per se and thus avoiding the negative sequalae associated
with an internal focus. The present study was therefore designed to address this question.
We used the same task as Singh and Wulf (2020) and, in a within-participant design,
asked novice participants to focus on either their arms (internal focus) or their platform
(external focus). We hypothesized that they would perform more effectively with a focus
on the platform relative to a focus on their arms.
Methods
Participants
Based on a factorial design with one within-participant factor (focus) and one
between-participant factor (order of conditions), an estimated effect size of η2p = .22
(Klostermann, Kredel, & Hossner, 2014; Lohse, Sherwood, & Healy, 2010; Zachry, Wulf,
Mercer, & Bezodis, 2005), an α-level set at .05, and a power value of 95%, a sample size
of 14 participants was estimated via a power analysis using G*Power 3.1 (Faul, Erdfelder,
Lang, & Buchner, 2007). Fourteen university students (7 females, 7 males) aged 18-40
years (M = 22.8, SD = 3.88) participated in the study. Each participant had less than 4
years of playing experience and was considered a novice volleyball player who had a
basic understanding of the volleyball passing technique. No collegiate or former collegiate
volleyball players participated. On average, participants had 2.85 years of recreational
playing experience. Participants were naïve as to the purpose of the study. Also,
participants had either not taken a motor control and learning class or, if they were
enrolled in that class, they had not yet been taught about the effects of attentional focus.
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The study was approved by the university’s institutional review board. Each participant
provided their informed consent before beginning the experiment.
Apparatus and Task
Participants were asked to pass a volleyball (Molten Flistatec V5M5000-3N)
continuously towards a target on the wall 1.5 m in front of them (see Figure 3). The target
consisted of a bullseye, 15 cm in diameter and located 1.4 m above the floor. Four points
were awarded each time the ball hit the bullseye, which was surrounded by concentric
circles. The first circle had a diameter of 45 cm. Three additional circles had diameters of
60, 90, and 120 cm. Three, two, and one points, respectively, were given for balls hitting
the progressively larger circles.

Figure 3. Schematic of the apparatus and task

Procedure
Participants performed a total of 16 45-second trials with the goal of maximizing the
number of points scored in the allotted time. Eight trials were performed in the internal
focus and eight trials in the external focus condition. The order of conditions was
counterbalanced among participants, with half of the participants completing the internal
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focus condition first and the external focus condition second, and vice versa. At the
beginning of the experiment, a demonstration was provided by the experimenter, a former
professional volleyball player. Each participant performed a dynamic stretch on their own
prior to performing a practice trial. In the internal focus condition, participants were
instructed to “concentrate on your arms,” while in the external focus condition they were
instructed to “concentrate on your platform.” The experimenter gave focus reminders at
the beginning of each trial. The timer started when the performer self-tossed the ball
towards the target. If the ball hit the ground during a trial, participants were asked to selftoss again and continue the task. A 15-second break was provided after each trial, and a
2-minute break was given after the first eight trials. To record the points scored, a video
recorder was used that was mounted on a tripod and facing the target. The reliability of
the performance assessment was determined by having two raters independently review
the video recordings offline. One of the two raters assessed 20% of the trials and was
blind to the experimental condition under which the trials were performed.
Dependent Variables and Data Analysis
Inter-rater reliability in scoring performance was determined using intraclass
correlation (ICC) analysis based on a two-way random-effects, absolute-agreement,
single-rating model with two raters (Shrout & Fleiss, 1979). Similarly, we evaluated intrarater reliability, with the same (primary) rater scoring 20% of the trials again after an
interval of several weeks. Coefficient values of <.50, .50-.74, .75-.90, and >.90,
respectively, indicate poor, moderate, good, and excellent correlation (Portney and
Watkins, 1993). The total score (i.e., sum of points), the number of passes (wall hits), and
the average accuracy score (i.e., points per pass) were determined for each 45-s trial.
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Each of these measures was averaged across all eight trials in each focus condition. Data
were analyzed in a 2 (focus: internal, external) x 2 (order: internal-external, externalinternal) analysis of variance (ANOVA) with repeated measures on the first factor. Partial
eta squared (η2p) was used to determine effect size. For all analysis, the alpha level was
set to a value of .05.
Results
Reliability of scoring
Inter-rater reliability was excellent, with an ICC (2, 1) for randomly selected trials
(20% of all trials) of r = .998, 95% CI [.997, .998], p < .001. Also, intra-rater reliability
was high with an ICC (2, 1) value of r = .999, 95% CI [.998, .999], p < .001.
Total score
The external focus on the platform (M = 125.1, SD = 34.5) resulted in higher scores
compared to the internal focus on the arms (M = 112.7, SD = 34.5) (see Figure 4). The
difference between focus conditions was significant, F (1, 12) = 6.62, p = .024, η2p = .36.
The main effect of order, F (1, 12) < 1, and the interaction of focus and order, F (1, 12) =
3.13, p = .10, were not significant.
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Figure 4. Total score in the internal (arms) and external (platform) focus conditions. Error
bars represent standard errors.

Number of passes
The average number of passes completed per trial are shown in Figure 5. In the
external focus condition participants performed more passes (M = 44.6, SD = 9.8) than
they did in the internal focus condition (M = 41.0, SD = 8.3). The focus effect was
significant, F (1, 12) = 5.88, p = .032, η2p = .33. There was no effect of order, F (1, 12) =
1.12, p = .310, η2p = .09, or interaction of focus and order, F (1, 12) = 3.22, p = .098, η2p
= .211.
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Figure 5. Number of passes in the internal (arms) and external (platform) focus conditions.
Error bars represent standard errors.

Accuracy scores
Average accuracy scores were similar in the external (M = 2.8, SD = .036) and
internal focus (M = 2.7, SD = .032) conditions (see Figure 6). The difference between
focus conditions was not significant, F (1,12) = 1.30, p = .277, η2p = 098. The main effect
of order, F (1, 12) < 1, and the interaction of focus and order, F (1, 12) < 1, were not
significant either.
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Figure 6. Average accuracy scores in the internal (arms) and external (platform) focus
conditions. Error bars represent standard errors.

Discussion
In the present study, we asked whether thinking of a body part as an object, thereby
adopting an external focus, would result in more effective motor performance than
thinking of the body part itself (internal focus). When asked to concentrate on the platform,
the novice volleyball players in our study achieved higher total scores than when they
were instructed to concentrate on their arms. More specifically, scores were about 10%
higher with a focus on the platform relative to the arms. This result confirmed our
hypothesis. It showed that to optimize movement coordination, the performer can replace
the concentration on a body part with an image of an external object.
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The total score for each 45-s trial was a function of both the number of passes and
the accuracy with which the target was hit. Therefore, we also analyzed each of those
components of performance. In the external focus condition, participants passed the ball
at a significantly higher rate, about once per second (44.6 times during a 45-s trial), than
they did in the internal focus condition (41.0 times). There was no difference between
conditions in terms of passing accuracy. Thus, the number of passes had a greater
influence on overall performance than did the accuracy of the passes. Given that the
average accuracy scores were already relatively high, namely, 2.7 (internal focus) and
2.8 (external focus) out of possible 4 points, there was limited room for improvement with
regard to accuracy. It is therefore perhaps not surprising that the number of passes had
a greater influence on the performance differences between conditions. The increase in
the speed of passes when the focus was on the platform, relative to the arms, seems to
reflect an enhanced efficiency and fluidity of movements with an external focus (Kal et
al., 2013). Neuromuscular efficiency, including reduction of muscular co-contractions
(e.g., Marchant, Greig, & Scott, 2009; Vance et al., 2004), has generally been found with
an external compared to an internal focus. These findings in the peripheral nervous
system are in line with observed increases in intracortical inhibition (i.e., excitability of
inhibitory circuits; Kuhn, Keller, Ruffieux, & Taube, 2017) and surround inhibitions (i.e.,
motor evoked potential in adjacent muscles shaping neural drive during voluntary
movement; Kuhn, Keller, Lauber, & Taube, 2018) in the motor cortex when an external
focus is adopted. Those findings are also consistent with the notion of an external focus
as an important contributor to efficient goal-action coupling (Wulf & Lewthwaite, 2016).
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In contrast, the adoption of an internal focus is assumed to result in disruptions to
goal-action coupling due to more conscious constraint of the motor system in attempting
to control movement processes (Wulf et al., 2001). In addition, an external focus
presumably prevents, or at least reduces, accessibility to detrimental self-referential
processing or the activation of a self-invoking trigger that is associated with references to
one’s own body (McKay et al., 2015; Wulf & Lewthwaite, 2010; Yin, Sui, Chiu, Chen, &
Egner, 2019). In many previous studies, external versus internal focus effects occurred
as the result of as little as one- or two-word differences in the instructions (e.g., Wulf et
al., 1998, “focus on your feet” [internal] versus “focus on the markers” [external]; Wulf &
Su, 2007, “focus on the swing of your arms” [internal] versus “focus on the swing of the
club” [external]). References to the body are assumed to facilitate access to the neural
representation of the self and result in “micro-choking” episodes (for a discussion, see
Wulf & Lewthwaite, 2010).
While in the majority of studies examining the effectiveness of external versus
internal foci, attention was directed to actual objects (e.g., implements, markers, targets)
in external focus conditions, the present study shows that even replacing thoughts about
body parts with an image of an object can be sufficient to promote an external focus, with
immediate benefits for performance. In previous studies, images were also invoked to
induce an external focus (e.g., Lohse & Sherwood, 2011; Wulf, Chiviacowsky, Schiller, &
Ávila, 2010; Wulf, McConnel, Gärtner, & Schwarz, 2002). However, in the latter two
studies, instructions to think of the leg as a pendulum (when kicking a soccer ball) (Wulf
et al., 2002) or producing a C (at the beginning of a soccer throw-in) (Wulf et al., 2010)
were included in a list of several statements designed to induce an external focus.
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Therefore, it is unclear whether those statements in and of themselves were effective.
Lohse and Sherwood’s (2011) findings, however, were relatively similar to the present
findings, even though their task and measurement were quite different. These authors
used a static wall-sit task and measured the time participants were able to maintain that
position while focusing on keeping their thighs (internal focus) or imaginary lines between
markers on their knees and hips parallel to the floor (external focus). Time to failure was
longer and the level of perceived exertion was lower when the same participants adopted
an external rather than internal focus. Thus, those findings demonstrated greater
muscular efficiency in a static force production task when the thighs were thought of as
lines. In the present study, movement fluency or speed was enhanced in a whole-body,
dynamic, and continuous aiming task when the arms were thought of as a platform. The
findings provide converging evidence that invoking an image of an external object that
“replaces” a body part can serve to promote an external focus that results in performance
advantages compared with an internal focus on the same body part.
These findings have interesting implications for applied settings. They suggest that
coaches, or athletes themselves, can create images to facilitate motor coordination for
effective performance (see also Wulf, 2007). In fact, many coaches and performers have
already discovered the benefits associated with such images. For example, former U.S.
champion and figure skating coach, Garrett Lucash (personal communication, July 19,
2020), frequently uses cues and phrases to invoke images, including "elevator up to the
top floor" (to prompt skaters to keep their hips up, especially as they bend their knees),
“grow taller as if you are a tree,” or “balance an egg on your head” (intended for skaters
to keep the head level, and neck and torso extended upwards). Images may be
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particularly relevant for form-based sports that don’t involve implements, such as
gymnastics, ballroom dance, or ballet, but are certainly not limited to them. In a survey of
professional ballet dancers (Guss-West & Wulf, 2015), many dancers reported using
external foci when performing certain routines, such as “elevating myself like a balloon”
(5th position), “stretching like a star in all directions” (arabesque), “gliding through air”
(grand jeté), or “climbing up a corkscrew” (pirouette en dehors). Ballet instructors have
also seen the benefits of using such images in their teaching practice (Guss-West, 2021).
The present findings provide experimental evidence for the effectiveness of external foci
that make use of images of bodily movements or postures, while at the same time
reducing a focus on the body. They give instructors and performers another set of tools
they can use creatively in the process of teaching or learning motor skills.
Footnotes
1. In another line of research, images or analogies have been used in an attempt to
enhance learning and, in particular, performance under pressure (e.g., Liao & Masters,
2001; Masters, Poolton, Maxwell, & Raab, 2008; Schücker, Hagemann, & Strauß, 2013).
In these studies, the effectiveness of instructions involving analogies – such as “move the
bat as if it is traveling up the side of a mountain” (Masters et al., 2008) or moving a golf
club like a pendulum (Schücker et al., 2013) – has typically been compared to sets of
explicit, detailed technique-related instructions. Thus, there is a possible confounding
influence of the amount of information provided to different groups of learners. In the
present study, the instructions differed in only one word (“concentrate on your arms”
versus “concentrate on your platform”) to promote an internal versus external focus,
respectively.
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Chapter 3
The Distance Effect and Level of Expertise: Is the Optimal External Focus
Different for Low-Skilled and High-Skilled Performers?

Abstract
Focusing attention on a movement effect that is farther away from the body (distal
external focus) has been shown to result in more effective motor performance or learning
than focusing on an effect that is in greater proximity to the body (proximal focus). The
present study examined whether the distance of the external focus impacts the
performance of relatively inexperienced and experienced performers differently. Novice
(low-skilled) and expert (high-skilled) volleyball players passed a volleyball continuously
to a target. In the proximal focus condition they were asked to concentrate on the
“platform,” whereas in the distal focus condition they were instructed to concentrate on
the target. The high-skilled group’s accuracy scores were higher in the distal relative to
proximal focus condition. However, low-skilled players’ accuracy scores was greater in
the proximal relative to distal focus condition. We argue that the optimal distance of the
external focus depends on the level of expertise when the skill requires a specific
movement technique. An external focus on that technique seems to be more
advantageous for low-skilled performers. In contrast, when the movement pattern has
become more automatic (high-skilled performers), a focus on the overall movement effect
is more beneficial.
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Introduction
As numerous studies have shown over the past two decades, the performance and
learning of motor skills is enhanced when performers adopt an external focus of attention,
(e.g., Wulf, Höß, & Prinz, 1998; for reviews, see Lohse, Wulf, & Lewthwaite, 2012; Wulf,
2007a, b, 2010, 2013; Wulf & Lewthwaite, 2010; Wulf & Prinz, 2001). An external focus,
or a concentration on the intended movement effect (e.g., implement, target), has
consistently been found to result in more effective and efficient movements relative to an
internal focus, or a concentration on body movements. An external focus promotes
automaticity in movement control (Kal, van der Kamp, and Houdijk, 2013; Wulf, McNevin,
& Shea, 2001), more efficient movement preparation (e.g., in cortical activity; Kuhn,
Keller, Ruffieux, & Taube, 2017), fluent action initiation (e.g., faster reaction times; Lohse,
2012), and efficient movement execution (e.g., Vance, Wulf, Töllner, McNevin, & Mercer,
2004). Wulf and Lewthwaite (2016) have described the effect of the connections between
the movement intent and neuromuscular action as fluid goal-action coupling. An internal
focus on one’s own body movement, in contrast, acts as a self-invoking trigger (McKay,
Wulf, Lewthwaite, & Nordin, 2015; Wulf & Lewthwaite, 2010) and is associated with more
conscious control attempts that constrain the motor system and disrupt efficient goalaction coupling (constrained action hypothesis; Wulf, McNevin, & Shea, 2001).
While an external focus generally leads to superior performance and learning,
compared with an internal focus, there is also evidence that some external foci are more
effective than others. Specifically, concentrating on movement effects that are farther
away from the body (i.e., distal external foci) has been shown to be more effective than
concentrating on movement effects that are closer to the body (i.e., proximal external
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foci). McNevin, Wulf, and Shea (2003) first demonstrated that increasing the distance of
the external focus from the body led to greater learning benefits. In their study,
participants who were asked to focus on markers on a balance platform that were farther
away from their feet (10 inches) demonstrated more effective learning than did
participants who were asked to concentrate on markers right in front of their feet, or the
feet themselves. The distal markers were perhaps more easily distinguishable from the
feet and therefore less likely to activate self-related thoughts. Also, the benefits of a distal
external focus were independent of whether the markers were on the outside or inside
(near the fulcrum) of the platform. Participants’ performance on a retention test was more
effective than that of participants with a proximal external (or internal) focus.
The “distance“ effect has been replicated in several other studies, some of which
were conducted with novices (e.g., Kearney, 2015; McKay & Wulf, 2012; Porter, Anton,
& Wu, 2012) while others were conducted with skilled performers (e.g., Bell & Hardy,
2009; Duke, Cash, & Allen, 2011; Porter, Anton, Wikoff, & Ostrowski, 2013). McKay and
Wulf (2012), for example, used a dart-throwing task and found that novices were more
accurate when they adopted a distal focus on the target than when they adopted a
proximal focus on the flight of the dart. Kearney (2014) asked novice golfers to perform a
golf putting task. In the proximal external focus condition, they were instructed to think
about the club (e.g., distance the club head moved, pendulum-like swing of the club),
whereas in the distal focus condition, participants were asked to think about desired
outcome (e.g., imaginary line from ball to target, final position of the ball). The results
demonstrated greater putting accuracy with the distal relative to the proximal focus. In
another study (Porter Anton, & Wu, 2012), recreational athletes performing a standing
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long jump jumped farther with distal focus (“jump as close to the cone as possible”)
relative to a proximal focus (“jump as far past the start line as possible”). Similar benefits
of a distal external focus were found for standing long jump performance in children
(Marchant, Grittiths, Partridge, Belsley & Porter, 2018).
A small number of studies examined the distance effect in skilled performers. In a
follow-up study to the Porter et al. (2012) study, highly trained participants also jumped
farther under the distal external focus condition (Porter, Anton, Wikoff, & Ostrowski,
2013). Bell and Hardy (2009) used skilled golfers as participants and found that a distal
external focus (i.e., flight of the ball) led to more accurate chipping performance compared
to a proximal external focus (i.e., clubhead). Finally, Duke, Cash, and Allen (2011)
examined attentional focus effects on music performance. Music majors were asked to
perform a keyboard passage consisting of alternating notes (A and F) that were to be
played quickly and evenly. External focus conditions included the piano keys, hammers,
or sound. On a transfer test, a focus on the more distal movement effects (sound or
hammers) resulted in greater consistency than focusing on the more proximal effect
(keys).
Thus, there seems to be consistent evidence that both novices and experts benefit
more from a distal relative to a proximal focus. In the present study, we asked whether
the optimal distance of the external focus might vary as a function of the level of expertise
when the motor task requires the coordination of various body parts and involves multiple
degrees of freedom. For instance, for a skilled tennis player performing a serve, a focus
on the intended ball trajectory or the service box (distal external foci) would likely be more
effective than a focus on the motion of the racquet (proximal external focus), which might
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disrupt the fluidity on the motion. In contrast, for a novice tennis player, focusing on the
motion of the racquet might be more effective than a focus on the ball trajectory or target
area. Wulf and Prinz (2001) first suggested that novices who are still in the process of
acquiring the basic movement pattern might benefit more from an external focus that is
technique-related (or more proximal), whereas experts might benefit more from adopting
a distal focus that triggers the whole action necessary to achieve the desired movement
outcome (see also Wulf, 2007).
There is some indirect evidence to support this notion. In a study with novice golfers
(Wulf, McNevin, Fuchs, Ritter, & Toole, 2000, Experiment 2), one group was asked to
focus on the swing of the club (proximal), whereas another group was instructed to focus
on the anticipated trajectory of the ball and the target (distal). Concentrating on the club
motion resulted in a greater accuracy, not only in practice, but also on a retention test. In
contrast, in another study (Bell & Hardy, 2009), experienced golfers showed greater
accuracy in hitting a target when they adopted a distal focus (ball trajectory, target) rather
than proximal focus (club head). Furthermore, in a study by Perkins-Ceccato, Passmore,
and Lee (2003), participants hitting golf balls to a target were given instructions to
“concentrate on hitting the ball as close to the target pylon as possible” versus
“concentrate on the form of the golf swing and to adjust the force of their swing depending
on the distance of the shot.” While the former instruction promoted a distal external focus,
the latter instruction – which might have directed participants’ attention to the impact of
their club on the ball (especially with participants being asked to judge the
appropriateness of the force they had used after a trial) – could be considered a proximal
external focus (rather than an internal focus, as intended by the authors). Thus, the
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performance advantage (shot variability) demonstrated by some subgroups under this
condition would be in line with the findings by Wulf et al. (2000), with a focus on the club
being more effective than a focus on the target in novices.
However, no previous studies seem to have directly compared the effectiveness of
distal versus proximal external foci as a function of level of expertise. Therefore, the
purpose of the present study was to examine the influence of the distance of external
focus on the performance of a complex motor skill – continuously passing a volleyball to
a target – for novice versus expert performers. The distal focus condition involved a focus
on the target, while in the proximal focus condition participants were asked to focus on
the “platform.” The platform, a commonly used term in volleyball, is typically associated
with the area between both wrists and elbows which can create different angles for the
ball to hit off of. We considered the platform an external focus, as it provides an image
the performer can use to produce a desired movement pattern, or adopt a certain posture,
without focusing on body movements per se. In fact, a recent study with novice volleyball
players who continuously passed a volleyball to a target (same task as in the present
study) showed that participants’ passes were more accurate when they were instructed
to concentrate on the platform as opposed to their arms (Singh & Wulf, 2020). Images
have successfully been used as external foci in previous studies as well (see Lohse &
Sherwood, 2011; Ong, Bowcock, & Hodges, 2010; Wulf, Lauterbach, & Toole, 1999; Wulf,
McConnel, Gärtner, & Schwarz, 2002). In a recent study (Yamada, Raisbeck, & Porter,
2020), an imagined object resulted in similar performance enhancements as an actual
object that served as an external focus cue. We hypothesized that expert would show
greater movement accuracy when asked to adopt a distal focus. In contrast, we expected
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novice performers to demonstrate greater accuracy with a proximal focus. Participants
were also asked what their preferred focus was. Similar to performance, we expected
novice players to prefer a proximal focus and expert players to prefer a distal focus.
Method
Participants
A power analysis was conducted using G*Power 3.1 (Faul, Erdfelder, Lang, &
Buchner, 2007). The computation indicated that a sample size of 28 participants would
be sufficient to detect a significant interaction effect using a repeated-measures design,
an a value of .05, a power value of .85, and an estimated η2p value of .08 (Lohse, Jones,
Healy, & Sherwood, 2014). Novice (n = 17) and expert (n = 12) volleyball players
participated in the study. The novice group consisted of 14 female and three male
participants, with a mean age of 23.8 years (SD = 6.67). The novice players had less than
four years of competitive volleyball playing experience (e.g., high school, club,
recreation), but no collegiate playing experience. The expert consisted of eight female
and four male participants who were current or former collegiate volleyball players, with
an average age of 23.0 years (SD = 3.95). Seven of them were current NCAA volleyball
players and five were former NCAA or NJCAA volleyball players. They had between 2
and 4 years of competitive playing experience at the collegiate level. Participants were
told prior to volunteering that the task involved passing a volleyball and that they should
be comfortable with the basic fundamentals of this technique. All participants gave their
informed consent before beginning the experiment. The study was approved by the
university’s institutional review board.
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Apparatus and Task
Participants’ task was to continuously pass a volleyball (Molten V5M5000-3N)
towards a target located on a wall 1.5 m in front of them for 45 seconds (Figure 3). The
target consisted of a bullseye, with its center located at a height of 1.4 m above the floor.
The center circle of the bullseye had a diameter of 15 cm and was surrounded by four
concentric circles with diameters of 45, 60, 90, and 120 cm. If a ball hit the center, four
points were awarded. Four to one point(s) were given for balls hitting the progressively
larger circles, respectively, and zero points were recorded for complete misses.
Procedure
Participants were asked to pass the volleyball against the target for a total of 16
trials, each 45 seconds in duration. Prior to the start of the experiment, the experimenter,
a former professional volleyball player, demonstrated the task. Participants were informed
that the goal of the task was to maximize the number of points scored throughout each
trial. Participants were asked to perform a dynamic stretch on their own. They were also
asked to perform a practice trial to familiarize themselves with the task. Two groups
(novice, expert players) performed 8 trials under each of the distal and proximal external
focus conditions, with the order of conditions counterbalanced. In the novice group, eight
of the 17 participants performed in the order proximal-distal. In the proximal focus
condition, participants were instructed to “concentrate on your platform,” whereas the
distal focus condition they were asked to “concentrate on the bullseye.” Before the start
of each trial, participants were reminded of the respective attentional focus.
Each trial started off with a self-toss towards the target. If the ball hit the ground
during a trial, participants were asked to self-toss again and continue the task until the
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45-second time limit was reached. A 15-second break was allotted before the start of the
next trial. After completing the first block of 8 trials, a 2-minute break was given before
the start of the second block of 8 trials. A video recorder mounted on a tripod directly
facing the target was used to record the points scored for later analysis. At the end of the
experiment each participant was asked which attentional focus condition they preferred.
Dependent Variables and Data Analysis
Accuracy scores were summed across 45-s trials. The scores were then averaged
across all 8 trials per condition and analyzed in a 2 (level of expertise: novice, expert) x 2
(focus: proximal, distal) analysis of variance (ANOVA) with repeated measures on the last
factor. For post-hoc tests, Bonferroni adjustments were used when appropriate. Partial
eta squared (η2p) was used to determine effect size. Magnitudes were classified as trivial
(0-.009), small (.01-.059), medium (.060-.139), or large (.140 and greater) (Cohen,
1992). A chi-square analysis was conducted to test whether novice and expert
participants differed in their preference of proximal or distal foci. The alpha level was set
to a value of .05 for all analyses.
Results
Accuracy Scores
Accuracy scores for novice and expert volleyball players under each focus condition
can be seen in Figure 7. Expert players had generally higher scores than novice players.
The main effect of expertise was significant, F (1, 27) = 12.19, p < .01, η2p = .31.
Importantly, the expert group demonstrated more effective performance in the distal (M =
194.4, SD = 47.1) relative to the proximal focus condition (M = 168.6, SD = 53.8), whereas
the novice group was more effective in the proximal (M = 104.8, SD = 72.3) compared
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with the distal focus condition (M = 95.7, SD = 67.0). The interaction of level of expertise
and focus was significant, F (1, 27) = 19.75, p < .001, η2p = .42. Post-hoc tests, with
Bonferroni adjustments for multiple comparisons, indicated that the difference between
focus conditions was significant for both expert (p = .009) and novice players (p = .014).
The main effect of focus was significant as well, F (1, 27) = 4.52, p = .043, η2p = .14, due
to the expert group’s high scores in the distal focus condition.
Focus Preference
Novice participants preferred the proximal focus to a greater extent (82.4%) than the
distal focus (17.6%). In contrast, expert participants had a clear preference for the distal
(91.7%) relative to the proximal focus (8.3%). This difference in preference between
groups was significant, χ² (1, 29) = 15.44, p < .001.

Figure 7. Accuracy scores of novice (low-skilled) (two bars on the left) and expert (highskilled (two bars on the right) groups in the proximal and distal focus conditions. Error
bars represent stand errors.
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Discussion
In the present study, we compared the effectiveness of proximal versus distal
external foci for novice versus expert participants performing the same motor task. We
chose a complex volleyball task with multiple degrees of freedom (continuously passing
a volleyball to a target on the wall for 45 seconds). The task requires whole-body
coordination in response to a constantly changing trajectory of the oncoming ball
(direction, speed) bouncing off the wall. We hypothesized that a proximal, techniquerelated external focus (platform) would be more beneficial for novice players than a more
distal, task-goal related external focus (target), while the opposite would be the case for
expert players (see Wulf & Prinz, 2001). The results showed that expert performers were
generally more accurate than novice performers. Importantly, the novice group benefited
more from a proximal compared with a distal focus. In contrast, the expert group’s
performance was more effective with a distal relative to a proximal focus. Novice players
also indicated that they preferred the proximal focus, while expert players preferred the
distal focus. Thus, the present findings confirmed our hypotheses.
Previous studies examining the distance effect appeared to provide converging
evidence for enhanced learning or performance with a greater physical distance of the
external focus from the body for both experts and novices (e.g., Kearney, 2014; McKay
& Wulf, 2012; McNevin et al., 2003; Porter, Anton, & Wu, 2012). Yet, as Wulf and Prinz
(2001) argued, for motor tasks requiring complex movement coordination with the goal of
hitting a target (e.g., badminton, cricket, golf, tennis, volleyball), the actual physical
distance of the focus might be less important for novices’ performance than a focus on
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the proper technique. In contrast, for experienced performers who have already
automatized the movement pattern, a distal focus on the overall task goal might be more
effective. Indeed, some evidence supporting this notion comes from separate studies in
which novice golfers benefited more from a proximal focus related to the movement
pattern (i.e., golf club motion) (Chen et al., 2021; Wulf et al., 2000) and advanced golfers
performed more accurately with a distal focus (i.e., ball trajectory and target) (Bell &
Hardy, 2009). The present study provided the first direct evidence that the optimal
external focus is a function of skill level by using the same task and the same instructions
for novice and expert volleyball players. The performance of these groups was affected
differently by the same focus instructions, with a proximal focus being more effective for
less experienced and a distal focus being more effective for less experienced players.
Interestingly, participants’ preferences were in line with their performances. When asked
at the end of the study which focus they preferred, most novice players (82.4%) reported
a preference for the proximal focus on the platform, whereas a clear majority of the expert
players (91.7%) indicated a preference for the distal focus on the target. These group
differences are likely a reflection of their performance under the respective focus
conditions.
How can the interaction of focus distance and skill level with regard to movement
accuracy (and preference) be explained? Wulf and Prinz (2001) argued that the same
movement outcome (e.g., trajectory of a ball) could be produced by different actions –
some of which may be more efficient than others. A proximal external focus might be
more effective for learning because it provides more salient information about the
movement technique than does a more distal but less technique-related focus. For
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example, the same volleyball trajectory can result from different coordination patterns,
including some that are less desirable than others because they produce less reliable
outcomes. A good platform is a precondition for accurate passing. Therefore, learners
initially need to focus on creating an even platform, which in turn will enhance their
passing accuracy. For expert volleyball players, producing the platform has become
automatic, and a focus on the platform likely disrupts the fluidity on their motion and/or
provides a distraction from the task goal. The instruction to focus on the task goal, that is,
hitting the target, presumably facilitated automatic control processes in our expert
participants and enhanced their movement accuracy.
Thus, the optimal external focus might vary with the level of expertise, perhaps
particularly when the skill involves a specific technique that subserves the achievement
of the overall movement outcome, such as throwing an object as far as possible (e.g.,
discus or javelin throwing, shot put) or hitting a target area with a ball (e.g., tennis strokes,
golf chip shots, volleyball serves). While focusing on the intended flight of a discus (distal
focus) might be effective for a skilled athlete, it would likely not be very helpful in the early
stage of learning how to throw a discus. Instead, adopting a more proximal focus, for
example, on the acceleration of the discus, or on squeezing the discus like a bar of soap
to release it, might be more appropriate foci for novices. Further investigations into how
the effectiveness of different external foci might change with increasing experience will
be important.
The most effective “distance” of an external focus is presumably a function of
multiple factors. One such factor is clearly the physical distance from the body (e.g., Bell
& Hardy, 2009; McNevin et al., 2003). As McNevin and colleagues have argued, distal
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effects may be easier to distinguish from the body movements that produce them than
proximal effects. As a consequence, a focus on a distal effect should be more effective
at reducing or preventing a detrimental internal or self-focus. The present study
demonstrates that the level of expertise can also determine the effectiveness of different
external foci. Aside from the level of expertise, the optimal external focus might also vary
for the same performer, as a function of his or her current performance or intention. An
experienced performer who is in a “slump,” or a someone who is trying to fix a flaw in the
movement pattern, might be able to improve faster by temporarily adopting a more
proximal or technique-related external focus than by continuing to use a distal or
outcome-related focus. The latter issue needs to be examined in future studies.
Clearly, there are a number of factors to consider for practitioners – instructors or
performers themselves – when deciding how to direct attention. While research findings
can provide guidelines, practitioners’ experience and creativity will play an important role
in finding external foci that have the potential to optimize performance or learning. Future
research should investigate the generalizability of findings comparing the distance effect
and level of expertise across different populations and motor tasks.
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Chapter 4
A Distal External Focus of Attention Facilitates Compensatory Coordination of
Body Parts

Abstract
A meta-analysis on attentional focus (Chua, Jimenez-Diaz, Lewthwaite, Kim, & Wulf,
2021) showed that focusing on an intended movement effect that is farther away from the
body (distal external focus) results in performance benefits relative to focusing on an
effect that is closer to the body (proximal external focus) or focusing on the body itself
(internal focus). Furthermore, the advantages of a distal external focus seem to be
particularly pronounced in skilled performers (Singh & Wulf, 2020). However, the
mechanism by which a distal external focus contributes to improved motor performance
has not been explored. The present study examined whether the distance of the
attentional focus would alter the structure of movement variability in skilled performers.
Expert volleyball player participants (n = 20) performed sixty overhand volleyball serves
to a target. Using a within-participants design, the effects of a distal external focus
(bullseye), proximal external focus (ball), and an internal focus (hand) were compared.
The distal focus condition resulted in significantly higher accuracy scores than did the
proximal and internal focus conditions. In addition, uncontrolled manifold analysis (UCM)
showed that functional variability (as measured with the index of synergy; ∆Vz) was
greatest in the distal focus condition. These findings suggest that a distal external focus
on the task goal enhances movement outcomes by optimizing compensatory coordination
of body parts.
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Introduction
The ability to effectively control the motor system’s many degrees of freedom to
produce consistent, accurate, and efficient coordination is a distinguishing characteristic
of skilled performance. Across repetitions of the same motor task, it is well known that
there are numerous different strategies the central nervous system can employ to achieve
a task goal (Davids, Bennett, & Newell, 2006; Davids, Glazier, Araujo, & Bartlett, 2003;
Riley & Turvey, 2002). For example, when shooting a free throw in basketball, the same
velocity-angle combination at ball release can result from various combinations of joint
motions and muscle activations. Insight into movement variability suggests that motor
elements can compensate each other to control for and produce a particular movement
outcome (Arutyunyan, Gurfinkel, & Mirskii, 1968; Bootsma & Wieringen, 1990; Edelman
& Gally, 2001; Gelfand & Latash, 1998; Latash, 2012, Newell, 1986). How the central
nervous system selects a particular coordination pattern is a fundamental question of
motor control (Bernstein,1967; Turvey, 1990; Latash 1996).
The coupling of intended goals to movement actions (goal-action coupling) is
influenced, among other things, by what the performer focuses on during the preparation
of movement execution (Wulf & Lewthwaite, 2016). Over the past two decades,
considerable evidence has shown that the type of a performer’s focus of attention can
result in distinct differences in performance and learning outcomes (for reviews, see
Lohse, Wulf, & Lewthwaite, 2012; Wulf, 2013; Wulf & Lewthwaite, 2016; Wulf & Prinz,
2001). Specifically, an external focus on the intended movement effect or task goal, such
as the motion of an implement, planned trajectory of a ball, or simply hitting a target,
results in performance benefits compared to an internal focus on body movements.
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Recent meta-analyses (Chua, Jimenez-Diaz, Lewthwaite, Kim, & Wulf, 2021) confirmed
the superiority of an external focus for both immediate performance and learning
(retention, transfer), regardless of age, health condition, or level of expertise. Since the
pioneering work by Wulf, Höß, and Prinz (1998), adopting an external focus has been
found to enhance fluency in movement execution (e.g., Kal, van der Kamp, & Houdijk,
2013; Lohse, 2012), lead to greater neuromuscular efficiency (e.g., Greig & Merchant,
2014; Zachry et al., 2005), produce kinematic changes (i.e., movement form) typical of
skilled performers (e.g., An, Wulf, & Kim, 2013; Parr & Button, 2009), and facilitate more
economical neural strategies (Kuhn, Keller, Ruffleux, & Taube, 2017; Kuhn, Keller,
Lauber, & Taube, 2018, Kuhn, Keller, Eggar, & Taube, 2021). In contrast, an internal
focus leads to conscious control attempts and interferes with the motor system’s
automatic control processes (Wulf, McNevin, & Shea, 2001).
Differences in movement kinematics show that coordination strategies are different
as a function of attentional focus (Ford, Hodges, Huys, & Williams, 2009; Vidal, Wu,
Nakajima, & Becker, 2018; Wulf & Dufek, 2009). In general, there are indications that an
internal focus may lead to “freezing” of the body’s degrees of freedom (i.e., reduced joint
range of motion along with tightly coupled motion of different joints) (van Ginneken et al.,
2018). For example, Ford et al. (2009) found that an internal focus resulted in higher
cross-correlations between various joint pairs compared to an external focus when
performing soccer kicks. Along the same lines, Vidal et al. (2018) performed a vector
coding technique to examine the effects of focus of attention on interlimb coordination
during a standing long jump. In their study, an internal focus constrained the motor system
by predominantly using the knees and reducing movement of the hip and ankle joints. In
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contrast, an external focus may help to “free” the body’s degrees of freedom to produce
“functional” couplings of joints and body segments (see also Hossner & Ehrlenspiel, 2010;
Tuller & Turvey, 1982; Vereijken, van Emmerik, Whiting, & Newell, 1992; Wulf & Dufek,
2009). Wulf and Prinz (2001) first speculated that focusing on the movement effect (i.e.,
external focus) may facilitate compensatory variability such that the motor system adjusts
the various degrees of freedom (e.g., kinematic) to ensure the desired movement effect
is achieved, whereas focusing on the movement themselves (i.e., internal focus)
interferes with this process. Indeed, several studies provide support for this idea (Fietzer,
Winstein, & Kulig, 2018; Lohse, Jones, & Healy, 2014; Lohse, Sherwood, & Healy, 2010).
For example, in a series of dart throwing studies, higher accuracy and consistency was
accompanied by increased kinematic variability at the joint level (i.e., freeing degrees of
freedom) when instructed with an external relative to an internal focus (Lohse et al., 2010,
2014).
The above-described increase in kinematic variability coupled to increased
consistency in movement outcome is indicative of enhanced functional variability, or the
compensatory mechanism in which degrees of freedom coordinate action execution
without relying on conscious adaptations (Bernstein,1967; Edelman & Gally, 2001;
Gelfand & Latash 1998; Latash, 2012; Newell, 1986). Functional variability is a key
property exhibited by skilled individuals (Hiley, Zuevsky, & Yeadon, 2013; Müller &
Loosch, 1999; Williams et al., 2020; Wilson et al., 2008). For example, Button et al. (2003)
showed that an increase in skill level in basketball free-throw shooting was associated
with increased movement variability at the elbow and wrist joint, with deviations in these
joint angles seemingly compensating one another to reduce variability in release
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parameters that are critical to performance outcome (e.g., release velocity). It thus seems
that an external focus promotes performance by enhancing a performer’s ability to exploit
a variety of movement patterns to produce stable motor output (“execution redundancy”)
(Ranganathan & Newell, 2013).
However, most studies so far have only inferred the effects of an external focus on
functional variability using indirect methods, by simultaneous assessment of performance
accuracy and correlations between joint kinematics, providing a relative magnitude of
variability. For example, when pitching a fast ball in baseball to a target location (e.g.,
catcher’s glove), the optimal pitching velocity can be achieved through a simultaneous
increase in elbow extension and wrist flexion at ball release (Pappas, Zawacki, & Sullivan,
1985). What is undetected by such approach is the degree to which compensatory
variability in joint kinematics contributes to stabilizing task variables that are essential
determinants to the performance outcome. In other words, what combinations of elbow
and wrist kinematics (e.g., decrease in elbow extension and increase in wrist flexion)
resulted in achieving the same pitching velocity? Therefore, a more valid approach to
quantify functional variability is the uncontrolled manifold (UCM) analysis (Scholz &
Schöner, 1999; Schöner & Scholz, 2007).
According to the UCM hypothesis, for each repetition of a motor task, the central
nervous system selects a manifold within the joint space that corresponds to a fixed
instantaneous value of the selected task-relevant performance variable that ensures
appropriate motor output (Latash, Scholz, Danion, & Schöner, 2001). Therefore, this
methodology is based on how much variance in combinations of different joint angles
contributes to variance in the task-relevant performance variable of interest. When
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specific performance variables are to be stabilized (e.g., angle of velocity of a ball release
in a throwing task), the trial-to-trial co-variation or compensatory behavior among
elemental variables (e.g., variables directly affecting performance, such as shoulder,
elbow, and wrist joint angles) is divided into two components. The first (VUCM) is
performance-stabilizing variability, where the variance of elemental variables does not
affect the value of a particular performance variable. The second (VORT) is considered
performance-destabilizing, where variance of the elemental variables does affect the
value of the performance variable, leading to inconsistent movement outcomes.
Combined, VUCM and VORT can be used to gauge the strength of synergistic control that
aids in stabilizing the performance variable. That is, relatively greater VUCM versus VORT
indicates a higher index of synergy (and hence greater functional variability), as this points
to coordinated compensatory activities to maintain overall movement outcome
consistency. The UCM analysis has been utilized to investigate tasks such as shooting
(Scholz, Shöner, & Latash, 2000), throwing (Yang & Scholz, 2005), and stone knapping
(Rein, Bril, & Nonaka, 2013). A few studies have investigated differences in skill level
when performing a golf swing (Morrison, McGrath, & Wallace, 2016), table tennis
forehand (Lino, Yoshioka, & Fukashiro, 2017), robotic teleoperation (Nisky, Hsieh, &
Okamura, 2014), and running (Möhler et al., 2020). For example, skilled golfers showed
higher values of VUCM compared to lower skilled players when performing a golf swing
(Morrison, McGrath, & Wallace, 2016). Fietzer et al. (2018) compared three different
attentional foci (control, internal, external) during the performance of a unipedal hopping
task using the UCM analysis. The authors found that an external focus enhanced
functional variability by stabilizing leg length (i.e., increase VUCM) such that the leg was
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able to orient differently at takeoff and landing to compensate for any perturbation during
the hopping movement. These changes in motor control associated with an external focus
(i.e., increased functional variability) reflect movement patterns and movement outcomes
typically seen at higher skill levels and suggest enhanced goal-action coupling (Wulf &
Lewthwaite, 2016). Thus, the UCM analysis provides a unique way to understand how
different attentional focus instructions partition the variance of the body’s joint
configuration to ultimately uncover coordination strategies that increase or decrease
functional variability.
While experimental evidence shows that an external focus results in superior
performance, some external foci may be more effective than others. McNevin, Shea, and
Wulf (2003) first showed that the spatial distance between an action and its effect is a
critical factor in determining the advantage associated with an external focus. That is,
distal external foci located at farther distances from the body result in greater performance
benefits than proximal external foci located closer or in greater proximity to the body (e.g.,
Banks et al., 2020; Coker, 2016; Duke, Cash, & Allen, 2011; Kearney, 2015; Raisbeck &
Yamada, 2019). For example, in a series of standing long jump studies by Porter et al.
(2012, 2013), participants jumped farther when instructed with a distal focus (“jump as
close to the cone as possible”) relative to a proximal focus (“jump as fast past the start
line as possible”). A recent meta-analysis on the distance effect confirmed the greater
effectiveness of distal relative to proximal external foci (Chua et al., 2021). One reason
for the distance effect might be that distal foci are more easily distinguishable from body
movements compared to proximal foci (McNevin et al., 2003). Furthermore, a distal focus
might trigger the whole movement pattern necessary to achieve the desired outcome,
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particularly in skilled performers for whom movement control has become largely
automatic, whereas a proximal focus might disrupt the fluidity of their movements (Singh
& Wulf, 2020).
On the basis of the assumption that an external focus increases functional
variability and recent evidence suggesting that skilled performers are more accurate with
a distal relative to a proximal external focus (Singh & Wulf, 2020), the purpose of the
present study was to examine whether a distal focus would increase functional variability
in skilled performers. Using an overhand volleyball serve, the effects of internal, proximal
external, and distal external foci were compared. The UCM analysis was used to quantify
functional movement variability under each attentional focus condition. We hypothesized
that a distal external focus would result in higher accuracy scores as well as increased
functional variability compared to a more proximal or internal focus.
Methods
Participants
An estimated effect size of η2p = .36 (Lohse et al., 2010; Asadi et al., 2014; Oki et
al., 2017) was utilized to conduct a power analysis using G*Power 3.1 (Faul, Erdfelder,
Land, & Buchner, 2007). With an α-level set at .05 and a power value of 95%, a sample
size of 7 participants was estimated. Twenty skilled volleyball players (7 males, 13
females) with a mean age of 25.2 years (SD = 4.71) participated in the study. Participants
were current or former collegiate and professional volleyball players with up to 4 years of
collegiate varsity playing experience who had a basic understanding of the overhand
volleyball serve. All participants reported no musculoskeletal injury in the previous 6
months, played an average of 10-20 hours of competitive volleyball each week, and gave
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their informed consent before beginning the experiment. All participants also reported
being right hand dominant when serving, meaning they perform the overhand volleyball
serve using their right arm when striking the ball. The study was approved by the
university's institutional review board.
Apparatus and task
Participants were asked to serve a volleyball (Molten Flistatec V5M5000-3N)
towards a target, using a standing overhand serve. The target was a bullseye that was
located 6.09 m away. A regulation size volleyball net was located 3.04 m in front of the
participant. Consistent with both National (NCAA) and international regulations (FIVB),
the net height was adjusted to 2.24 m for female participants and 2.43 m for male
participants. The target itself consisted of four concentric circles with diameters of 45, 60,
90, and 120 cm, respectively. Four points were awarded if the ball landed in the bullseye
which had a diameter of 15 cm. For each progressively larger circle, three, two, and one
points was awarded, while zero points were given if participants missed the target
completely. A video recorder mounted on a tripod directly facing the target was used to
record the points scored on each trial. All trials were scored offline by the experimenter.
A schematic of the lab set up and apparatus can be seen in Figure 8.
Participants were outfitted with a modified VICON Plug-in Gait upper body marker
set (Figure 9). Reflective markers were placed at the following landmarks: C7, T10,
jugular notch of sternum, xiphoid process of sternum, right back, acromio-clavicular joint,
upper arm (3 markers), medial and lateral epicondyle of humerus, forearm, styloid
process of the radius, styloid process of the ulna, proximal interphalangeal joint of the
third digit (middle finger) and head (4 markers attached to a headband). In addition, the
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ball was also covered in reflective tape. 3D kinematic data was collected by a 12-camera
VICON motion capture system at a 250Hz sampling rate. The lab coordinates
corresponded to the individual with the x axis indicating mediolateral, y axis indicating
anteroposterior, and z axis indicating superioinferior directions.

Figure 8. Schematic of lab and apparatus.

66

Figure 9. Upper body marker set
Procedure
Prior to performing a practice trial, participants performed a dynamic stretch on
their own and were told that the general goal was to maximize the number of points scored
on each serve. After completing a static standing trial and five warm-up trials with no
instructions, participants performed 20 trials under each of the three attentional focus
conditions for a total of 60 serves. The order of conditions was counterbalanced. In the
internal focus condition, participants were instructed to “focus on your hand while
contacting the ball.” In the proximal external focus condition, participants were instructed
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to “focus on contacting the middle of the ball.” In the distal external focus condition,
participants were instructed to “focus on hitting the bullseye.” Each trial started with the
experimenter repeating the instruction followed by a verbal “go” command to assure
kinematic data collection had started. A 15- second rest period was given after each trial
followed by a 2-minute rest period after each block of 20 trials.
Dependent Variables and Data Analysis
Accuracy scores were averaged across all 20 trials in each focus condition. In
addition, all trials were labeled and further processed using Visual 3D (C-Motion,
Rockville, MD, USA). Kinematic data were lowpass-filtered using a 4th order Butterworth
filter with a cutoff frequency of 6Hz (Bartlett, 2007; Cho & Ju, 2006; Delp et al., 2007).
Trials were cut into the time window of interest, from the frame that the marker on the
dominant (serving side) acromio-clavicular joint started moving forward in sagittal plane
to the frame that the ball had the peak acceleration in y direction. Each trial was
normalized to 100 frames for uncontrolled manifold analysis (UCM) representing 100
chronological time slices (Scholz & Schöner, 1999). For the UCM analysis, shoulder,
elbow, and wrist joint angles in the sagittal plane were extracted as the elemental
variables (n = 3). The magnitude and angle of ball velocity in the sagittal plane at peak
acceleration were calculated as the performance variables (d = 1). Using a custom
MATLAB (The MathWorks Inc., Natwick, MA) code, a relationship between the joint
angles and ball velocity was estimated by the Jacobian matrix (J), which is the linear
approximation of the uncontrolled manifold. Specifically, the Jacobian matrix determines
how deviations in the respective joint angles from the average configuration affect ball
velocity, a key determinant for better serving performance (Mackenzie et al., 2012; Paulo
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et al., 2016). All variables including both elemental and performance variables were
transformed to be mean-free (" − " ! ) before entering to null space of the Jacobian matrix.
Within the null space is the performance-stabilizing variability (VUCM) and the space
orthogonal to it is the performance-destabilizing variability (VORT). Performance variables
were then regressed on elemental variables and regression coefficients (B) were
obtained. The precision with which this linearization approximates the forward kinematics
can be assessed by computing the deviation between the values of the task variables
predicted by the linearized model and those predicted from the full forward kinematics.
The linearized forward kinematics around the reference configuration (" ! ) is represented
by equation 1.1, where & ! is the value of the task variable corresponding to the reference
configuration of joint angles, " ! . '(" ! ) is the d x n Jacobian matrix obtained from the
reference configuration. The computation of the UCM is approximated linearly using the
null space of the Jacobian, which is spanned by basis vectors (" , computed numerically
at each time slice using equation 1.2. There were n-d basis vectors, so that the null space
has n–d dimensions. The deviations of joint vectors from the mean joint configuration at
each trial, (" − " ! ), were resolved into their projection onto the null space as parallel
(VUCM) and perpendicular (VORT) according to equations 1.3 and 1.4. Using equations 1.5
and 1.6, both components were then calculated. Lastly, the index of synergy (IOS) was
computed using equation 1.7 for each respective attentional focus condition to measure
how much of the variance relative to the total amount is compatible with the mean
trajectory of the performance variable. The resultant index of synergy was transformed
using a Fisher’s Z transformation using equation 1.8 for statistical analysis consistent with
previous studies (Krishnan et al., 2013; Robert et al., 2009).
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For all dependent variables, a one-way analysis of variance (ANOVA) with
repeated measures on the attentional focus condition was used to determine if there were
significant differences between accuracy scores, VUCM, VORT, and IOS. Significant main
effects were followed up by Bonferroni-adjusted pairwise post-hoc paired t-tests.
Results
Accuracy Scores
As seen in Figure 10, participants served more accurately with the distal external
(M = 1.82, SD = .32) relative to the proximal external (M = 1.42, SD = .39) or internal
focus (M = 1.27, SD = .37). The difference between focus conditions was significant, F
(2,38) = 21.43, p <.001, η2p = 0.53. Post-hoc analysis revealed that accuracy scores were
significantly higher in the distal compared to the proximal (p <.001) and internal focus
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conditions (p <.001). There was no statistically significant difference between proximal

Accuracy Score (points per serve)

external and internal focus conditions (p = .302).

2

1

0
Internal (Hand)

Proximal (Ball)

Distal (Bullseye)

Figure 10. Average accuracy scores in the internal, proximal external, and distal external
focus conditions. Error bars represent standard errors.

UCM Analysis
Figure 11 illustrates the source of variance (VUCM vs. VORT) grouped by attentional
focus condition. For VUCM, there was a significant difference between focus conditions, F
(2,38) = 3.34, p < .05 (p = .047), η2p = 0.15. Post hoc analysis showed VUCM was
significantly higher in the distal focus condition compared to the internal focus condition
(p < .05), but that there was no significant difference between the internal focus and
proximal focus condition (p = .521), or the proximal focus and distal focus condition (p =
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.888). Similarly, for VORT, there was a significant difference between focus conditions, F
(2,38) = 3.60, p < .05, η2p = 0.16. Post hoc analysis revealed that VORT was significantly
higher in the internal focus condition relative to the distal focus condition (p < .05), but
that there was no significant difference in VORT between the internal focus and proximal
focus condition (p = 1.00), or the proximal focus and distal focus condition (p = .385).
2

Variance

1.5

VORT

1

VUCM
0.5

0
Internal (Hand)

Proximal (Ball)

Distal (Bullseye)

Figure 11. Log-normalized VORT and VUCM values for internal, proximal external, and
distal external focus conditions. Error bars represent standard errors.

Index of Synergy
The index of synergy was computed for all participants and averaged across
attentional focus condition to identify the degree to which the elemental variables
stabilized the performance variable. A larger and more positive index of synergy indicates
that VUCM is bigger than VORT, meaning that most of the variability that occurred still
allowed for consistent magnitude and angle of ball velocity. Negative values indicate an
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absence of a stabilizing synergy. As seen in Figure 12, an external focus in general had
a higher index of synergy. There was a significant effect of focus condition, F (2,38) =
8.52, p < .001, η2p = .31. Utilizing a Fisher’s z-transformed IOS (∆V> ) to compare with the
cutoff value for when a synergy could be present, it was identified that ∆V> was .09, .27,
and .54 for the internal, proximal, and distal focus conditions, respectively, and the cutoff
∆V> for the presence of synergy was .15. Restricting the analysis to proximal (M = .51)
and distal focus conditions, as they were the only ones to meet the cutoff value, a paired
samples t-test showed a statistically significant difference, t (19) = 2.22, p < .05 (p = .039).
In other words, a distal external focus resulted in a higher degree of coordinated
compensation of elemental variables to stabilize the performance variable.

Index of Synergy

2.5

1.5

0.5

Proximal (Ball)
-0.5

Distal (Bullseye)

Internal (Hand)

Figure 12. Index of synergy values for internal, proximal, and distal focus conditions. Error
bars represent standard errors.
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Discussion
The aim of the present study was to determine the effects of different attentional
foci on functional variability. We compared the effectiveness of three attentional foci –
internal, proximal external, and distal external – for the performance of a complex motor
task requiring the coordination of multiple degrees of freedom. In line with our hypothesis,
skilled volleyball players performed overhand serves more accurately when asked to
adopt a distal focus compared to a proximal or internal foci. These findings are in line with
those of previous studies showing benefits of external relative to internal foci, and distal
external relative to proximal external foci for all skill levels (see Chua et al., 2021),
including skilled performers (e.g., Banks et al., 2020; Bell & Hardy, 2009; Singh & Wulf,
2020). Results of the UCM analysis, which measured how variability in the shoulder,
elbow, and wrist joints co-varied to stabilize the performance variable (magnitude and
angle of ball velocity), revealed that a distal external focus also resulted in increased
functional variability relative to proximal and internal foci. That is, when asked to
concentrate on the bullseye, the same volleyball players displayed movement
coordination patterns that were characterized by a significant increase in VUCM
(performance-stabilizing) and significant decrease in VORT (performance-destabilizing)
compared to when they focused on the ball or hand. Finally, the index of synergy showed
that while only the external focus conditions displayed synergies for the performance
variable (only proximal and distal foci surpassed the cutoff value), the distal focus
condition displayed a higher proportion of VUCM compared to VORT. These findings suggest
that a distal external focus on the task goal facilitated compensatory variability among
joint angles relevant to movement execution, thereby optimizing movement outcomes in
skilled performers.
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According to the OPTIMAL theory (Wulf & Lewthwaite, 2016), directing attention
externally to the task goal contributes to goal-action coupling, or the fluidity with which the
intended goal is translated into action. In general, the changes in motor control associated
with an external focus, and in particular a distal external focus, showed an increase in
VUCM, decrease in VORT, and an increase in IOS. This suggests greater flexibility in
coupling action (different configurations of the shoulder, elbow, and wrist joint angles) to
goal-relevant parameters (magnitude and angle of ball velocity, which largely determine
task success). However, with an internal focus (attention directed to the hand), there was
a pronounced increase in performance-destabilizing variability (VORT), decrease in VUCM,
and a decrease in IOS. This might be due to performers constraining the variance in
performance-stabilizing and performance-destabilizing directions to minimize error in the
attended dimension (hand movement), potentially leading to neuromuscular inefficiency
(e.g., increased co-contractions; Lohse et al., 2010).
For skilled performers, the neural basis of motor coordination is also reflected in
greater functional connectivity between task-related neural networks (Di et al., 2012;
Bernardi et al., 2013; Kim et al., 2015; Milton et al., 2007). For example, higher IOS values
have been found to be associated with greater intermuscular coherence reflecting
functional coordination amongst elemental variables (Laine & Valero-Cuevas, 2017; Vries
et al., 2016). In fact, McNevin et al. (2003) showed that a distal focus led to increased
high-frequency, small amplitude adjustments (mean power frequency) while balancing on
a stabilometer compared to a proximal external or internal focus. Increases in mean
power frequency reflects a higher number of active degrees of freedom working together
in a synergistic way to maintain performance (Newell & Slifkin, 1996). The results of the
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present study extend these findings linking a distal focus to an increase in functional
variability (Barris, Farrow, & Davids, 2014; Vereijken, Van Emmerik, Whiting, & Newell,
1992). Thus, maintaining focus on clear distal movement effects compared to proximal
movement effects facilitates goal-action coupling.
The optimal external focus depends not only on the distance from the body, but
also on the performer’s level of expertise. While novices performing complex skills can
benefit from a proximal external focus, skilled individuals have been found to produce
more effective performance with a more distal focus (Singh & Wulf, 2020, 2021). In the
present study, a proximal focus on the middle of the ball decreased serve accuracy for
skilled performers. For these experienced volleyball players, focusing on the ball (e.g., for
optimal ball trajectory) might be something that they do relatively automatically and
without conscious attention. Asking them to specifically concentrate on the ball
presumably disrupted their typical movement fluidity and produced less efficient
coordination patterns. Instead, the distal focus on the bullseye, representing the highest
hierarchical movement goal, enhanced goal-action coupling. Despite skilled performers
often adopting a less-optimal focus (e.g., Mornell & Wulf, 2018), maintaining a distal
external focus when performing a complex motor task involving multiple degrees of
freedom is important, as it results in significantly more effective movement outcomes
relative to other attentional foci. Skilled performance is often reflected in the ability to
make rapid adjustments and better decisions in the face of perturbation or changes in
environmental conditions. Finishing a basketball layup through contact, serving a
volleyball ace on match point, or jumping over consecutive hurdles on a track, may all
depend on the athlete’s ability to focus attention externally to critical elements of the task
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to optimize movement outcome consistency. This prospective control to a desired future
state constructs and organizes the hierarchy of the whole movement (Turvey, 1992;
Reed, 1996; Profeta & Turvey, 2018). The present findings show that maintaining a distal
external focus when performing a complex motor task effectively propels movement intent
into resourceful neuromuscular activation.
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Chapter 5
Executive Summary
A performer’s focus of attention is an important consideration when providing
instruction to optimize the learning and performance of motor skills. Directing attention
to one’s body movement (internal focus) or the intended effect of the movement
(external focus) has shown to regulate the motor system’s ability to determine which
control strategies facilitate immediate performance benefits. The advantage of utilizing
instruction that promotes an external focus is robust and apparent across different skills
and levels of expertise. However, some external foci are more effective than others. The
distance effect shows that a performer’s level of expertise can modulate which external
focus is more useful to accomplish the task goal when performing a complex motor skill
requiring the coordination of multiple degrees of freedom. For this, practitioners are
often confronted with the challenge of how to create appropriate external foci.
The first study of this dissertation showed that for novice or low-skilled
performers, performance is immediately enhanced when verbal instructions direct
attention to that of an image that replaces a body part. That is, an image promotes an
external focus and can aid in speeding up the development of skilled performance. The
second study of this dissertation showed direct evidence that a proximal external focus
that is associated with movement technique is more beneficial for novice, whereas a
distal external focus is more beneficial for expert (skilled) performers whose movement
patterns are relatively automatized. Finally, because the same movement outcome can
be achieved by using different coordination patterns, the third dissertation study
provided novel support for enhanced functional variability underpinning the optimal
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external focus. Thus, the three studies combined to extend current evidence on the
effectiveness of an external focus while also identifying the critical role that a
performer’s level of expertise has when constructing appropriate instructions to improve
motor performance.
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